Single-stage experimental evaluation of tandem-airfoil rotor stator blading for compressors.  Part 6:  Data and performance for stage D by Clemmons, D. R.
NASA CR-134511
PWA FR-5852
NASaCR. 1SN1 SINGLE-STAGE EX
EXPERI MENTAL EVALUATION OF
T ANDEM-ALUATIORF OIL R OTOR AND STAT ORBLADING FOR COMPRE SSORST 6: DAT
PART VI - DATA AND PERFORMANCE FOR STAGED
_AN PrcrafOt) (Pratt and Whitney
CSCLby D. R. ClemmonsUncl
SINGLE-STAGE
EXPERIMENTAL EVALUATION OF
TANDEM-AIRFOIL ROTOR AND STATOR
BLADING FOR COMPRESSORS
PART VI - DATA AND PERFORMANCE FOR STAGE D
by D. R. Clemmons
PRATT & WHITNEY AIRC
DIVISION OF UNITED AIRCRAF ORPORA
FLORIDA RESEARCH AND DEV
Prepared fo
NATIONAL AERONAUTICS AND SPA ONIN




U S Department of Commerce
Springfield, VA. 22151
https://ntrs.nasa.gov/search.jsp?R=19740004336 2020-03-23T12:33:27+00:00Z
1. Report No. 2. Government Accession No. 3. Recipient's Catalog No.
NASA CR-134511
4. Title and Subtitle 5. Report Date
"SINGLE-STAGE EXPERIMENTAL EVALUATION OF TANDEM- AIRFOII 30 November 1973
ROTOR AND STATOR BLADING FOR COMPRESSORS," PART VI 6. Performing Organization CodeDATA AND PERFORMANCE FOR STAGE D
7. Author(s) 8. Performing Organization Report No.
D. R. Clemmons PWA FR-5852
10. Work Unit No.
9. Performing Organization Name and Address
Pratt & Whitney Aircraft
Division of United Aircraft Corporation 11. Contract or Grant No.
Florida Research and Development Center NAS3-11158
West Palm Beach, Florida 33402 13. Type of Report and Period Covered
12. Sponsoring Agency Name and Address Contractor Report
National Aeronautics and Space Administration
Washington, D. C. 20546 14. Sponsoring Agency Code
15. Supplementary Notes
Project Manager, Everett E. Bailey, Fluid System Components Division,
NASA - Lewis Research Center, Cleveland, Ohio 44135
16. Abstract
An axial flow compressor stage, having single-airfoil blading, was designed for zero rotor prewhirl,
constant rotor work across the span, and axial discharge flow. The stage was designed to produce
a pressure ratio of 1. 265 at a rotor tip velocity of 757 ft/sec. The rotor had an inlet hub/tip ratio of
0. 8. The design procedure accounted for the rotor inlet boundary layer and included the effects of
axial velocity ratio and secondary flow on blade row performance. The objectives of this experimental
program were: (1) to obtain performance with uniform and distorted inlet flow for comparison with the
performance of a stage consisting of tandem-airfoil blading designed for the same vector diagrams and
(2) to evaluate the effectiveness of accounting for the inlet boundary layer, axial velocity ratio, and
secondary flows in the stage design. With uniform inlet flow, the rotor achieved a maximum adiabatic
efficiency of 90. 1% at design equivalent rotor speed and a pressure ratio of 1. 281. The stage maximum
adiabatic efficiency at design equivalent rotor speed with uniform inlet flow was 86. 1% at a pressure
ratio of 1. 266. Hub radial, tip radial, and circumferential distortion of the inlet flow caused reductions
in surge pressure ratio of approximately 2, 10 and 5%, respectively, at design rotor speed.
PRICES SUBJEC TO CHANGE
17. Key Words (Suggested by Author(s)) 18. Distribution Statement
Compressor Unclassified - unlimited
Secondary Flow
Tandem Blading
19. Security Classif. (of this report) 20. Security Classif. (of this page)
Unclassified Unclassified
' For sale by the National Technical Information Service. Springfield. Virginia 22151
NASA-C-168 (Re ,. 6-71) This d . n ent printed on re.ycled aper
FOR EWORD
This report was prepared by the Pratt & Whitney Aircraft Division of
United Aircraft Corporation, West Palm Beach, Florida, to present the data
and performance for Stage D, which was tested under Contract NAS3-11158,
Single-Stage Experimental Evaluation of Tandem-Airfoil Rotor and Stator
Blading for Compressors. Mr. Everett E. Bailey, NASA-Lewis Research
Center, Fluid System Components Division, was Project Manager.
The requirements of NASA Policy Directive NPD 2220.4 (September 14,
1970) regarding the use of SI Units have been waived in accordance with the







SUMMARY ........... ............................. 1
INTRODUCTION .................................... 2
DESIGN SUMMARY .................................. 2
Blading Design ................................. 2
TEST EQUIPMENT .................................. 3
Compressor Test Facility ......................... 3
Compressor Test Rig ............................. 3
Distortion Screens ................................ 3
Instrumentation ................................ 6
PROCEDURES...................................... 7
Test Procedures ................. ................ 7
Shakedown Tests ............................ 7
Performance Tests ......................... 7
Data Reduction Procedures ......................... 8
Overall Performance ................. ....... .. 8
Blade Element Performance and Flow Distribution Data.. 9
Stall Transient Data .......................... 9
PRESENTATION OF DATA ............................. 9
Uniform Inlet .................................. 9
Overall Performance .......................... 9
Blade Element Performance and Flow Distribution Data.. 10
Rotor Blade Element Performance ............ 10
Stator Blade Element Performance ............ 11
Hub and Tip Radial Inlet Flow Distortion .................. 12
Overall Performance ......................... 12
Blade Element Performance and Flow Distribution Data.. 12
Rotor and Stator Blade Element Performance..... 13
Flow Distribution Data .................... 13
Circumferential Distortion ......................... 13
Overall Performance ......................... 13
Flow Distribution Data .......................... 14




APPENDIX A - Tabulated Overall and Blade Element Performance
Data .................... ............ 155
APPENDIX B - Stator D Static Pressure Coefficients ........ . ... 241
APPENDIX C - Definition of Symbols ...................... 243
- Definition of Overall Performance Variables....... 245







1 Stage D Airfoils .................. 
........... 16
2 Compressor Research Facility..... ................ 17
3 Single-Stage Compressor Rig ...................... 18
4 Flowpath Dimensions ......................... 19
5 Instrumentation Layout ........................ 20
6 Eight-Degree Wedge Traverse Probe .............. 21
7 Stator D Static Pressure Orifice Locations ............ 22
8 Twenty-Degree Wedge Traverse Probe .............. 23
9 Total Pressure/Total Temperature Circumferential
Traverse Unit .............................. 24
10a Composition of Station 1 Instrumentation Relative to
the Circumferential Distortion Screen for Six Screen
Positions ................................. 25
10b Composition of Station 2 Instrumentation Relative to the
Circumferential Distortion Screen for Six Screen
Positions ................................ 26
10c Composition of Station 2A Instrumentation Relative to
the Circumferential Distortion Screen for Six Screen
Positions .................................. 27
11 High-Response Probe ......................... 28
12 Typical Stall Transient Data . .................. . 29
13 Station 0 Equivalent Static Pressure vs Equivalent
Weight Flow for Stage D Flowpath with Support Screen. .. 30
14 Overall Performance of Rotor D; Uniform Inlet Flow . . . . 31
15 Overall Performance of Stage D; Uniform Inlet Flow . . . . 32
16a Rotor D Blade Element Performance; 5% Span from
Tip; Uniform Inlet Flow ....................... 33
16b Rotor D Blade Element Performance; 10% Span from
Tip; Uniform Inlet Flow ...................... 34
16c Rotor D Blade Element Performance; 15% Span from
Tip; Uniform Inlet Flow ....................... 35
16d Rotor D Blade Element Performance; 30% Span from
Tip; Uniform Inlet Flow ....................... 36
16e Rotor D Blade Element Performance; 50% Span; Uni-
form Inlet Flow ............................. 37
16f Rotor D Blade Element Performance; 70% Span from
Tip; Uniform Inlet Flow ....................... 38
ILLUSTRATIONS (Continued)
FIGURE PAGE
16g Rotor D Blade Element Performance; 85% Span
from Tip; Uniform Inlet Flow ...... ........... 39
16h Rotor D Blade Element Performance; 90% Span
from Tip; Uniform Inlet Flow .......... ........ 40
16i Rotor D Blade Element Performance; 95% Span
from Tip; Uniform Inlet Flow ................... 41
17a Rotor D Loss Parameter vs Diffusion Factor;
10% Span from Tip; Uniform Inlet Flow . . .. . ... . 42
17b Rotor D Loss Parameter vs Diffusion Factor;
30% Span from Tip; Uniform Inlet Flow . . . . ....... 43
17c Rotor D Loss Parameter vs Diffusion Factor;
50% Span Uniform Inlet Flow ................... 44
17d Rotor D Loss Parameter vs Diffusion Factor;
70% Span from Tip; Uniform Inlet Flow ....... . . .. 45
17e Rotor D Loss Parameter vs Diffusion Factor;
90% Span from Tinp; niform Tnlet Flow  . . . . . 46
18 Rotor D Tip Static Pressure Ratio vs Percent
Axial Chord; 100% Design Equivalent Rotor
Speed; Uniform Inlet Flow ..................... 47
19a Stator D Blade Element Performance; 5% Span
from Tip; Uniform Inlet Flow *............... 48
19b Stator D Blade Element Performance; 10% Span
from Tip; Uniform Inlet Flow ................... 49
19c Stator D Blade Element Performance; 15% Span
from Tip; Uniform Inlet Flow ................... 50
19d Stator D Blade Element Performance; 30% Span
from Tip; Uniform Inlet Flow .................. 51
19e Stator D Blade Element Performance; 50% Span;Uniform Inlet Flow .......................... 52
19f Stator D Blade Element Performance; 70% Span
from Tip; Uniform Inlet Flow ................ 53
19g Stator D Blade Element Performance; 85% Span
from Tip; Uniform Inlet Flow ................... 54
19h Stator D Blade Element Performance; 90% Span
from Tip; Uniform Inlet Flow .................. 55
19i Stator D Blade Element Performance; 95% Span
from Tip; Uniform Inlet Flow ................... 56
20a Stator D Loss Parameter vs Diffusion Factor;




20b Stator D Loss Parameter vs Diffusion Factor;
30% Span from Tip; Uniform Inlet Flow ............ 58
20c Stator D Loss Parameter vs Diffusion Factor;
50% Span Uniform Inlet Flow .................... 59
20d Stator D Loss Parameter vs Diffusion Factor;
70% Span from Tip; Uniform Inlet Flow ............ 60
20e Stator D Loss Parameter vs Diffusion Factor;
90% Span from Tip; Uniform Inlet Flow ............ 61
21a Stator D Static Pressure Coefficient vs Percent
Chord; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 120.02 lb/sec;
Uniform Inlet Flow ................. ......... 62
21b Stator D Static Pressure Coefficient vs Percent
Chord; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 110. 18 lb/sec;
Uniform Inlet Flow ................... ....... 63
21c Stator D Static Pressure Coefficient vs Percent
Chord; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 102. 67 lb/sec;
Uniform Inlet Flow ................... ....... 64
21d Stator D Static Pressure Coefficient vs Percent
Chord; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 95.36 lb/sec;
Uniform Inlet Flow .......................... 65
21e Stator D Static Pressure Coefficient vs Percent
Chord; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 88.32 lb/sec;
Uniform Inlet Flow ................... ...... 66
22a Wall Static Pressure Distributions Upstream
and Downstream of Stator D; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 110. 18 lb/sec; Uniform Inlet Flow ........... 67
22b Wall Static Pressure Distribution Upstream
and Downstream of Stator D; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 88.32 lb/sec; Uniform Inlet Flow ........... 68
23 Typical Rotor Inlet Total Pressure Profiles
With Hub and Tip Radial Distortion; 100% Design
Equivalent Rotor Speed ........................ 69
24 Overall Performance of Rotor D; Hub Radial
Distortion Compared With Uniform Inlet Flow ... .. .. . 70
25 Overall Performance of Stage D; Hub Radial




26 Overall Performance of Rotor D; Tip Radial
Distortion Compared With Uniform Inlet Flow........ 72
27 Overall Performance of Stage D; Tip Radial
Distortion Compared With Uniform Inlet Flow........ 73
28a Rotor D Blade Element Performance; 5% Span
from Tip; Hub and Tip Radial Distortion. ....... . . . . 74
28b Rotor D Blade Element Performance; 10% Span
from Tip; Hub and Tip Radial Distortion. .... . . . . . 75
28c Rotor D Blade Element Performance; 15% Span
from Tip; Hub and Tip Radial Distortion. ......... . . 76
28d Rotor D Blade Element Performance; 30% Span
from Tip; Hub and Tip Radial Distortion. ......... . . 77
28e Rotor D Blade Element Performance; 50% Span;
Hub and Tip Radial Distortion ................... 78
28f Rotor D Blade Element Performance; 70% Span
from Tip; Hub and Tip Radial Distortion . ..... * 79
28g Rotor D Blade Element Performance; 85% Span
from Tip; Hub and Tip Radial Distortion . . . ...... . 80
28h Rotor D Blade Element Performance; 90% Span
from Tip; Hub and Tip Radial Distortion ......... . . 81
28i Rotor D Blade Element Performance; 95% Span
from Tip; Hub and Tip Radial Distortion ... ...... . . . 82
29a Stator D Blade Element Performance; 5% Span
from Tip; Hub and Tip Radial Distortion .... . . . . . . 83
29b Stator D Blade Element Performance; 10% Span
from Tip; Hub and Tip Radial Distortion .... . . . . . . . 84
29c Stator D Blade Element Performance; 15% Span
from Tip; Hub and Tip Radial Distortion .... . . ... 85
29d Stator D Blade Element Performance; 30% Span
from Tip; Hub and Tip Radial Distortion. . ..... . . . . . . . 86
29e Stator D Blade Element Performance; 50% Span;
Hub and Tip Radial Distortion. . ......... ....... 87
29f Stator D Blade Element Performance; 70% Span
from Tip; Hub and Tip Radial Distortion .... ..... . . . 88
29g Stator D Blade Element Performance; 85% Span
from Tip; Hub and Tip Radial Distortion ... .... . . . . . . 89
29h Stator D Blade Element Performance; 90% Span
from Tip; Hub and Tip Radial Distortion ......... . . 90
29i Stator D Blade Element Performance; 95% Span




30a Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 114.76 lb/sec; Hub Radial Distortion ......... 92
30b Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 97.44 lb/sec; Hub Radial Distortion. ......... 93
30c Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 84.40 lb/sec; Hub Radial Distortion. ......... 94
31a Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 90% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 102. 52 lb/sec; Hub Radial Distortion ......... 95
31b Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 90% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 88.60 lb/sec; Hub Radial Distortion ......... 96
31c Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 90% Design
Equivalent Rotor Speed; Equivalent Weight
Flow =76.35 lb/sec; Hub Radial Distortion .......... 97
32a Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 70% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 82. 96 lb/sec; Hub Radial Distortion. ....... .. 98
32b Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor Inlet,
Stator Inlet and Stator Exit; 70% Design Equivalent
Rotor Speed; Equivalent Weight Flow = 71.46 lb/sec;
Hub Radial Distortion ................. ....... 99
32c Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 70% Design
Equivalent Rotor Speed; Equivalent Weight




33a Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 115. 11 lb/sec; Tip Radial Distortion ......... 101
33b Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 106. 05 lb/sec; Tip Radial Distortion ......... 102
33c Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 100% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 99.09 lb/sec; Tip Radial Distortion .......... 103
34a Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 90% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 105. 62 lb/sec; Tip Radial Distortion ......... 104
34b Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 90% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 97. 85 lb/sec; Tip Radial Distortion ... . ...... 105
34c Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 90% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 90.04 lb/sec; Tip Radial Distortion .......... 106
35a Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 70% Design
Equivalent Rotor Speed; Equivalent Weight
Flow = 85. 36 lb/sec; Tip Radial Distortion ... ...... . 107
35b Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor Inlet,
Stator Inlet and Stator Exit; 70% Design Equivalent
Rotor Speed; Equivalent Weight Flow = 80.21 lb/sec;
Tip Radial Distortion .................. ...... 108
35c Total and Static Pressure, Total Temperature,
Air Angle and Axial Velocity vs Span at Rotor
Inlet, Stator Inlet and Stator Exit; 70% Design
Equivalent Rotor Speed; Equivalent Weight




36 Typical Rotor Inlet Total Pressure Distribu-
tion With Circumferential Distortion;
100% Design Equivalent Rotor Speed; 92.4%
Design Equivalent Flow (101.6 lb/sec); 50% Span ..... 110
37 Overall Performance of Rotor D; Circumferential
Distortion Compared With Uniform Inlet Flow. ....... 111
38 Overall Performance of Stage D; Circumferential
Distortion Compared With Uniform Inlet Flow........ 112
39 Overall Performance of Rotor D; Circumferential
Distortion Compared With Uniform Inlet Flow ...... . 113
40 Overall Performance of Stage D; Circumferential
Distortion Compared With Uniform Inlet Flow.... . . . . 114
41a Rotor Inlet Total Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion. . ..... .. .. . . . 115
41b Rotor Inlet Static Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion. ............. . . . .. 116
41c Rotor Inlet Air Angle vs Circumferential Location;
100% Design Equivalent Rotor Speed; Equivalent
Weight Flow = 101. 60 lb/sec; Circumferential
Distortion ................. . 6-..... .. 117
41d Rotor Inlet Axial Velocity vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion .................... 118
41e Stator Inlet Total Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion . . . . . ...... ... . 119
41f Stator Inlet Static Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion ................... .. . 120
41g Stator Inlet Air Angle vs Circumferential Location;
100% Design Equivalent Rotor Speed; Equivalent
Weight Flow = 101.60 lb/sec; Circumferential
Distortion.......................... ..... 121
41h Stator Inlet Axial Velocity vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101.60 lb/sec;




41i Stator Exit Total Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion ......... ........ . 123
41j Stator Exit Static Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion ............... .. .. 124
41k Stator Exit Total Temperature vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion. ................... 
. 125
411 Stator Exit Air Angle vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 101. 60 lb/sec;
Circumferential Distortion ... .... ............. 126
41m Stator Exit Axial Velocity vs Circumferential
Location; 100% Design Equivalent Rotor Sped;
Equivalent Weight Flow = 101.60 lb/sec;
Circumferential Distortion .................... 127
42a Rotor Inlet Total Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion ................... 
. 128
42b Rotor Inlet Static Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion ........ * * .......... . 129
42c Rotor Inlet Air Angle vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion ....... ........... 130
42d Rotor Inlet Axial Velocity vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion ............. 
... .. 131
42e Stator Inlet Total Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion ............. 
.... . 132
42f Stator Inlet Static Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;




42g Stator Inlet Air Angle vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90. 59 lb/sec;
Circumferential Distortion . . . . . . . . . . . . . . . . 134
42h Stator Inlet Axial Velocity vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion. ........... . . . . .. . 135
42i Stator Exit Total Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 ib/sec;
Circumferential Distortion..................... 136
42j Stator Exit Static Pressure vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion. ... ............... . 137
42k Stator Exit Total Temperature vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion. .................. .. 138
421 Stator Exit Air Angle vs Circumferential Location;
100% Design Equivalent Rotor Speed; Equivalent
Weight Flow = 90. 59 lb/sec; Circumferential
Distortion. ..................... .......... 139
42m Stator Exit Axial Velocity vs Circumferential
Location; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 90.59 lb/sec;
Circumferential Distortion. . . . . .......... . . . 140
43a Rotor Inlet Total Pressure vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion. . ... . . .... . . . . . .. . 141
43b Rotor Inlet Static Pressure vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78-lb/sec;
Circumferential Distortion. ... ........... .... .. 142
43c Rotor Inlet Air Angle vs Circumferential Location;
90% Design Equivalent Rotor Speed; Equivalent
Weight Flow = 79. 78 lb/sec; Circumferential
Distortion ................. .............. 143
43d Rotor Inlet Axial Velocity vs Circumferential
Location; 90% Design Equivalent Rotor Speed;





43e Stator Inlet Total Pressure vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion ................... 145
43f Stator Inlet Static Pressure vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion ..................... 146
43g Stator Inlet Air Angle vs Circumferential Location;
90% Design Equivalent Rotor Speed; Equivalent
Weight Flow = 79.78 lb/sec; Circumferential
Distortion................. ............. . 147
43h Stator Inlet Axial Velocity vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion. ................... . 148
43i Stator Exit Total Pressure vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion .................. ... 149
43j Stator Exit Static Pressure vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion. ................... 150
43k Stator Exit Total Temperature vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;
Circumferential Distortion. ................... . 151
431 Stator Exit Air Angle vs Circumferential Location;
90% Design Equivalent Rotor Speed; Equivalent
Weight Flow = 79.78 lb/sec; Circumferential
Distortion. ............. . .. . .............. 152
43m Stator Exit Axial Velocity vs Circumferential
Location; 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 79.78 lb/sec;




I Rotor D Blade Element Design ................... 4
II Stator D Blade Element Design ... ............... 5
A-1 Overall Performance - Stage D, Uniform Inlet ..... 157
A-2 Blade Element Performance - Uniform Inlet
Untranslated ................. ............. 158
A-3 Blade Element Performance - Uniform Inlet ......... 159
A-4 Overall Performance - Stage D, Radial Distortion..... 184
A-5 Blade Element Performance - Hub Radial Distortion ... 185
A-6 Blade Element Performance - Tip Radial Distortion ... 194
A-7 Overall Performance - Stage D, Circumferential
Distortion ............................... 203




A single-stage axial flow compressor, having single-airfoil blading, was
designed and tested as part of an overall program to evaluate the effectiveness
of tandem airfoils for increasing the design point loading capability and stable
operating range of compressors. The stage was designed with zero rotor pre-
whirl, constant rotor work across the span, and axial discharge flow. The design
procedure accounted for the rotor inlet boundary layer and included the effects
of axial velocity ratio and secondary flow on blade row performance. The re-
sulting blading had large variations in twist (i. e., end-bends) in the endwall regions.
The rotor had an inlet hub/tip ratio of 0. 8 and a design tip velocity of 757 ft/sec.
The specific flow and resulting rotor inlet Mach number were generally consistent
with design practice for compressor middle stages; however, the blade loading
was appreciably higher. The stage was tested with uniform inlet flow and with
hub radial, tip radial and 90 deg one-per-revolution circumferential distortion
of the inlet flow.
Overall and blade element performance data for uniform inlet flow were ob-
tained at 50, 70, 90, 100 and 110% of design equivalent rotor speed, and are pre-
sented herein. At design equivalent rotor speed and flow, the rotor achieved an
adiabatic efficiency of 88. 9% at the design pressure ratio of 1. 28 compared with
the design value of 89. 9%. At the same flow and rotor speed, the stage achieved
its design adiabatic efficiency of 84. 8% at its design pressure ratio of 1. 26. At
design equivalent rotor speed, maximum rotor and stage adiabatic efficiencies
of 90. 1% and 86. 1%, respectively, were reached at approximately 96% design
equivalent flow.
For both hub radial and tip radial distortion of the inlet flow, overall per-
formance, blade element performance and flow distribution data were obtained
at 70, 90 and 100% of design equivalent rotor speed and are also presented herein.
For circumferential distortion of the inlet flow, overall performance data were
obtained at 70, 90 and 100% of design equivalent rotor speed. Flow distribution
data were also obtained with circumferential distortion of the inlet flow for two
operating points (defined as a combination of flow and speed) at design equivalent
rotor speed and one operating point at 90% design equivalent rotor speed.
Hub radial distortion and circumferential distortion produced moderate
changes in surge pressure ratio for the stage, whereas tip radial distortion
caused surge pressure ratio to decrease substantially. At design equivalent
rotor speed with hub radial, tip radial, and circumferential distortion the surge
pressure ratio decreased 2. 0, 9. 7, and 4. 6%, respectively, when compared
with the uniform inlet flow value. Peak adiabatic efficiency with hub radial dis-
tortion was essentially unchanged from the uniform inlet flow value (which
occurred at design speed), even though the stage pressure ratio was reduced
significantly at 90 and 100% design equivalent rotor speed with hub distortion.
Tip radial distortion of the inlet flow resulted in a slight increase in peak adia-
batic efficiency at 70 and 90% design equivalent rotor speed, but the stage lost
4. 5 percentage points in peak efficiency at design rotor speed. Stage pressure
ratio with tip radial distortion was reduced considerably over most of the 90%
speedline and over all the 100% speedline. Stage pressure ratio was not affected
significantly by circumferential distortion of the inlet flow, calculated values of
adiabatic efficiency with circumferential distortion were considered to be in-




The effectiveness of tandem airfoils as a means for increasing the loading
limit and stable operating range of highly loaded compressor blade rows was in-
vestigated for the National Aeronautics and Space Administration at the Florida
Research and Development Center of Pratt & Whitney Aircraft under Task I of
Contract NAS3-11158 (References 1 through 3). During this program, tandem
rotors demonstrated higher pressure rise and efficiency than a single airfoil
rotor with identical inlet and exit airfoil angles. The performance of the con-
ventional stage was controlled to a large extent by three-dimensional flow effects
associated with high losses near the walls. The three-dimensional flows resulted
even though the blading was designed with increased work input near the walls to
compensate for the high losses in these regions and, thereby, maintain a con-
stant radial pressure distribution.
A second single-stage compressor investigation was initiated to evaluate
the potential of tandem blading for improving the performance over that of a
more moderately loaded stage, composed of single-airfoil blade rows. A study
was performed to select a radial work gradient for the rotor, which resulted in
maximum rotor and stator loading levels consistent with good performance
(Reference 4). Based on this study a rotor design with uniform work input at all
radii and an overall pressure ratio of 1.28 at a design tip speed of 757 ft/sec
was chosen for this investigation. This rotor has lower work input near the walls
lanthe rotors o Ref n rences i through 3. This lower work input near the walls
should reduce the three-dimensional flows and high wall losses that are charac-
teristic of highly loaded blade rows and provide a stage design that is not charac-
terized by a highly three-dimensional flow and associated poor performance.
A single-airfoil rotor and stator, a dual-airfoil tandem rotor, and a dual-
airfoil tandem stator were designed and fabricated for this investigation. Be-
cause of the large inlet boundary layer noted during the Reference 1 through 3
testing, a design procedure was used that accounted for the inlet total pressure
gradient and the effects of axial velocity ratio and secondary flow on blade row
performance. This report presents the data and performance obtained with
Stage D, which was composed of single-airfoil rotor and stator blading. A dis-




The stage was designed with zero rotor prewhirl, constant rotor work
across the span, and axial discharge flow. A rotor tip inlet Mach number of
approximately 0. 8 and a specific flow of 33 lb/sec-ft2 were selected to be gen-
erally representative of current design practice for highly loaded compressor
middle stages. The design velocity diagrams were calculated by means of a
computer program that solves the continuity, energy, and radial equilibrium
equations for an axisymmetric flow field. The rotor inlet total pressure distri-
bution from the data of the Reference 1 program was used for the vector diagram
calculations. Radial gradients of enthalpy and entropy were included in the cal-
culation, and the influence of wall and streamline curvature on the radial distri-
bution of static pressure was taken into account. Simulated double-circular-arc
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airfoil sections (i. e., the mean camber line and the suction and pressure surface
lines of each blade element are lines with a constant rate of angle change with
path distance on a specified conical surface) were selected for the rotor and
stator blading to be as consistent as possible with studies being conducted by
NASA-Lewis Research Center (Reference 5). Design incidence (minimum loss)
and deviation angles were calculated using equations 286 and 287 of Reference 6.
The three-dimensional corrections to the incidence and deviation angles were
omitted and a two-dimensional turning value, which includes the effects of axial
velocity ratio and secondary flow, was used (Reference 4). This procedure
combined with the use of the actual inlet pressure gradient resulted in blading
with large variations in twist in the endwall regions of both the rotor and stator.
(See figure 1.)
Rotor and stator design velocity diagram data, blade element geometry
data, and predicted performance are presented in tables I and II for the rotor




A schematic of the compressor test facility is shown in figure 2. The
compressor is driven by a single-stage turbine, powered by exhaust gases from
a J75 slave engine, with compressor speed controlled by means of the engine
throttle. Air enters the compressor through a 103-ft combined inlet duct, plenum,
and bellmouth inlet, and is exhausted through an exit diffuser to the atmosphere.
The inlet duct contains a flow measuring orifice designed and installed in accord-
ance with ASME standards. The area contraction ratio from plenum to compres-
sor inlet is approximately 10 to 1.
Compressor Test Rig
A schematic of the compressor test rig is shown in figure 3. The flowpath
dimensions are shown in figure 4. The hub/tip ratio at the rotor inlet is 0. 798.
The test section has a constant hub diameter of 32. 85 in., and the outer wall
converges from a diameter of 41. 15 in. at the rotor leading edge to 39. 99 in.
at the stator trailing edge. Rotor bearing loads are transmitted to the rig support
through struts located in the inlet and exhaust case assemblies. The inlet struts
are sufficiently far upstream so that their wakes are dissipated ahead of the rotor.
The stage design specifications of zero rotor prewhirl and axial discharge flow
eliminated the need for inlet and exit guide vanes. Flowrate and/or backpressure
were varied with a set of motor driven throttle vanes located in the exhaust case.
Distortion Screens
Twenty-mesh, 0.020-in. diameter wire was used for the distortion screens
(i. e., tip radial, hub radial and circumferential). The tip and hub radial dis-
tortion screens covered 35 and 40% of the inlet annulus area respectively, and the
circumferential screen covered a 90 deg sector of the inlet annulus area. The
distortion screens were mounted on a 1.0-in. mesh 0. 125-in. diameter wire
support screen located approximately one rotor radius upstream of the rotor
leading edge. The support screen, which spanned the entire annulus, was in-
stalled for all the Stage D tests.
3
Table I. Rotor D Blade Element Design
VELOCITY DIAGRAM DATA
Equivalent Rotor Speed = 4210 rpm Equivalent Weight Flow = 110 lb/sec
Percent Span
From Tip
Leading Trailing V'le Vzle V'01le O'le Ule V'te Vzte V'Ote O'te Ute a
Edge Edge (ft/sec) (ft/sec) (ft/sec) (deg) (ft/sec) (ft/sec) (ft/sec) (ft/sec) (deg) (ft/sec) (deg)
Hiub 96.8 95.0 758.6 458.8 608.7 53.00 608.7 416.8 371.3 193.5 27.95 610.5 1.52
92.0 90.0 787.8 488.5 615.8 51.50 615.8 493.9 448.9 204.8 24.55 617.6 1.37
86.9 85.0 800.7 500.5 623.8 51.10 623.8 535.6 491.5 215.9 23.72 624.7 0.89
71.0 70.0 819.8 501.1 642.9 52.20 642.9 575.8 519.6 249.0 25.70 645.9 -1.17
49.5 50.0 844.3 499.9 680.6 53.60 680.6 603.1 525.8 293.7 29.35 674.3 -4.21
28.1 30.0 869.4 496.5 713.2 55.00 713.2 622.8 521.1 339.8 32.95 702.6 -7.16
12.0 15.0 877.9 473.4 737.8 57.10 737.8 596.0 464.2 370.0 38.35 723.9 -9.37
7.1 10.0 861.4 428.7 745.3 59.80 745.3 553.0 400.9 379.7 43.48 730.9 -9.64
Tip 3.0 5.0 837.2 375.1 751.5 64.10 751.5 483.5 270.0 388.9 53.00 738.0 -9.07
Note: Ble - 0 and is constant with radius.
DESIGN PERFORMANCE DATA
Rotor Pressure Ratio: 1.282 Adiabatic Efficiency: 89.9%
Percent Span
From Tip
Leading Trailing Mt' m Loss 6 Pie Tle Pte Tte
Edge Edge le (deg) D W' Parameter (deg) (psia) ("R) (psia) (°R)
Ilub 96.8 95.0 0.697 0.57 0.604 0.236 0.0604 12.79 14.427 518.7 17.765 561.14
2.O0 0.719 .5 0. 5 30 0.162 0.0432 i0.38 14.659 518.7 18.361 561.15
86.9 85.0 0.732 0.52 0.484 0.106 0.0288 9.08 14.694 518.7 18.735 561.14
71.0 70.0 0.750 0.15 0.453 0.064 0.0177 7.05 14.699 518.7 19.000 561.34
49.5 50.0 0.774 -0.36 0.436 0.046 0.0129 6.16 14.693 518.7 19.063 561.34
28.1 30.0 0.796 -0.88 0.426 0.056 0.0158 5.44 14.701 518.7 19.010 561.07
12.0 15.0 0.801 -1.41 0.461 0.123 0.0335 6.82 14.602 518.7 18.465 561.28
7.1 10.0 0.783 -2.32 0.504 0.150 0.0382 10.45 14.308 518.7 17.915 561.14
Tip 3.0 5.0 0.757 -3.90 0.567 0.201 0.0428 17.12 13.820 518.7 17.130 561.38
GEOMETRY DATA
Airfoil: Simulated Double-Circular-Arc** Number of Blades: 70 Chord Length: 2.57 in.
Pertcent Span
From Tip
Leading Trailing K'le Kte " rle rte
Edge Edge (deg) (deg) (deg) (deg) a t/c (in.) (in.)
llub 96.8 95.0 52.42 15.14 37.27 33.78 1.725 0.0782 0.009 0.009
92.0 90.0 50.91 14.15 36.75 32.53 1.705 0.0763 0.009 0.009
86.9 85.0 50.57 14.63 35.94 32.60 1.684 0.0743 0.009 0.009
71.0 70.0 52.04 18.64 33.40 35.34 1.627 0.0681 0.008 0.008
49.5 50.0 53.96 23.19 30.77 38.58 1.553 0.0599 0.007 0.007
28.1 30.0 55.88 27.50 28.37 41.69 1.485 0.0515 0.006 0.006
12.0 15.0 58.51 31.53 26.98 45.02 1.439 0.0454 0.006 0.006
7.1 10.0 62.12 33.03 29.09 47.58 1.424 0.0433 0.006 0.006
'Tip 3.0 5.0 68.00 35.87 32.12 51.93 1.412 0.0415 0.006 0.006
*Information included in this table is defined on planes tangent to the conic surfaces, which approximate design
streamlines of revolution.
'Mean camber line and suction and pressure surface lines of each blade element are lines with a constant rate of
angle change with path distance on the conic surface, which approximates the design streamline of revolution.
4
Table II. Stator D Blade Element Design
VELOCITY DIAGRAM DATA
Equivalent Rotor Speed = 4210 rpm Equivalent Weight Flow = 110 lb/sec
Percent Span
From Tip
Leading Trailing V e Vzle Vole le Vte Vzte VOte te
Edge Edge (ftfsec) (ft/sec) (ft/sec) (deg) (ft/sec) (ft/sec) (ft/sec) (deg) (deg)
Hub 95.0 95.0 569.9 383.9 417.2 47.65 395.1 395.1 0.0 0.0 -0.29
90.0 90.0 616.8 456.9 412.8 41.90 472.2 472.2 0.0 0.0 -0.57
85.0 85.0 645.3 501.1 407.9 39.20 514.3 514.3 0.0 0.0 -0.86
70.0 70.0 659.8 526.2 396.8 37.00 543.9 543.9 0.0 0.0 -1.72
50.0 50.0 655.9 533.7 380.5 35.50 554.2 554.2 0.0 0.0 -2.86
30.0 30.0 642.5 529.8 362.9 34.40 547.8 547.8 0.0 0.0 -4.00
15.0 15.0 595.2 471.9 354.3 36.50 486.2 486.2 0.0 0.0 -4.86
10.0 10.0 538.1 407.2 349.0 40.40 417.2 417.2 0.0 0.0 -5.14
Tip 5.0 5.0 450.2 284.3 349.1 52.50 298.4 298.4 0.0 0.0 -5.43
DESIGN PERFORMANCE DATA
Stage Pressure Ratio: 1.265 Stage Adiabatic Efficiency: 84.8%
Percent Span
From Tip
Leading Trailing im Loss a Pte
Edge Edge Mle (deg) D Parameter (deg) (psia)
Hub 95.0 95.0 0.5024 -2.51 0.540 0.0972 0.02216 8.83 17.419
90.0 90.0 0.5463 -1.48 0.462 0.0803 0.02027 11.31 18.117
85.0 85.0 0.5751 -1.08 0.423 0.0712 0.01902 11.31 18.472
70.0 70.0 0.5867 -1.02 0.389 0.0604 0.01714 10.97 18.748
50.0 50.0 0.5832 -1.18 0.369 0.0534 0.01610 11.01 18.864
30.0 30.0 0.5709 -1.43 0.364 0.0587 0.01866 11.66 18.762
15.0 15.0 0.5262 -2.15 0.418 0.0995 0.03165 12.44 18.153
10.0 10.0 0.4748 -3.11 0.488 0.1506 0.04575 12.68 17.534
Tip 5.0 5.0 0.3958 -6.64 0.630 0.1634 0.04282 4.85 16.738
GEOMETRY DATA
Airfoil: Simulated Double-Circular- \rc** Number of Vanes: 66 Chord Length: 2.35 in.
Percent Span
From Tip
Leading Trailing Kle Kte 0 T° rle rte
Edge Edge (deg) (deg) (deg) (deg) a t/c (in.) (in.)
Hub 95.0 95.0 50.16 - 8.83 59.00 20.66 1.484 0.09 0.010 0.010
90.0 90.0 43.38 -11.31 54.70 16.03 1.468 0.09 0.010 0.010
85.0 85.0 40.28 -11.31 51.60 14.48 1.453 0.09 0.010 0.010
70.0 70.0 38.02 -10.97 49.00 13.52 1.407 0.09 0.010 0.010
50.0 50.0 36.68 -11.01 47.70 12.83 1.350 0.09 0.010 0.010
30.0 30.0 35.83 -11.66 47.50 12.08 1.298 0.09 0.010 0.010
15.0 15.0 38.65 -12.44 51.10 13.10 1.262 0.09 0.010 0.010
10.0 10.0 43.11 -12.68 55.80 15.21 1.250 0.09 0.023 0.010
Tip 5.0 5.0 59.14 - 4.85 64.00 27.14 1.238 0.09 0.040 0.014
Information included in this table is defined on planes tangent to the conic surfaces, which approximate design
streamlines of revolution.
**Mean camber line and suction and pressure surface lines of each blade element are lines with a constant rate of
angle change with path distance on the conic surface, which approximates the design streamline of revolution.
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Instrumentation
Instrumentation was provided to obtain overall and blade element performance
data for each blade or vane row. The locations of axial instrumentation stations
are indicated in figure 4. Axial and circumferential locations of the instrumenta-
tion are shown in figure 5. Except for the omission of one rotor inlet total pres-
sure probe during uniform inlet and radial distortion tests, dual instrumentation
was provided at each axial station. The dual instrumentation provided (1) a re-
dundant set of measurements during uniform and radially distorted inlet flow
testing, and (2) measurements within and outside of the distorted region during
the circumferential distortion testing.
Airflow was measured with an ASME standard thin-plate orifice located in
the compressor facility inlet duct. Compressor rotor speed was measured with
an electromagnetic sensor mounted adjacent to a 60-tooth gear on the rotor shaft.
Gear tooth passing frequency was displayed as rpm on a digital counter. Rotor
rpm was also recorded on magnetic tape. Inlet total temperature was measured
in the inlet plenum by means of six half-shielded total temperature probes; inlet
total pressure was measured in the plenum by means of five Kiel total pressure
probes. Six equally spaced static pressure orifices were located on both the
inner and outer walls at instrumentation Station 0.
Radial distributions of static pressure at the rotor inlet and exit and at
the stator exit were measured by means of 8-deg wedge probes (figure 6). Four
inner wall and four outer wall static pressure orifices, approximately equally
spaced, were located at each of these stations. The rotor exit (i. e., stator inlet)
instrumentation station also had two inner wall and three outer wall orifices in-
stalled across a vane gap to measure the static pressure variation across the
gap. Likewise, the stator exit instrumentation station had four inner wall and
four outer wall orifices installed across a vane gap to measure the gap-wise
static pressure gradient on each wall. Eleven static pressure orifices were lo-
cated over the rotor blade tips on the outer wall, between -26% and 107% rotor axial
chord, to measure the rotor tip static pressures. Stator surface static pressure
distributions at 10% and 90% span were measured with eight suction surface and
three pressure surface orifices situated from approximately 15 to 85% chord at
both span locations. The three pressure surface orifices at each percent span
were installed on the same airfoil and a different stator vane was used for each
group of eight suction surface pressure orifices, i. e., a total of three stators.
The three stators were positioned in the stator assembly such that at least one
uninstrumented vane separated those with static pressure orifices. The circum-
ferential location of each instrumented airfoil and the location of the pressure
orifices in terms of percent chord are shown in figure 7.
Twenty-deg wedge probes (figure 8) were used to measure the radial dis-
tributions of total pressure and flow angle at the rotor inlet and exit, and flow
angle at the stator exit. Stator exit total pressure and temperature across a
stator gap were measured at each of two circumferential locations by means of
circumferentially traversed radial rakes with elements at nine radial positions
(figure 9). The elements of each radial rake were designed to measure both
total pressure and temperature. A fixed radial rake with five Kiel total pressure
sensors was also installed downstream of the stator for use with the wall static
measurements to calculate the freestream Mach number. This Mach number
was used to correct the total temperature and the 8-deg wedge static pressure
measurements.
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As previously stated, dual instrumentation was provided at each axial
measuring station to provide measurements within and outside of the distorted
regions during the circumferential distortion testing. The dual instrumentation
also reduced the number of circumferential distortion screen locations required
to obtain a uniform spacing of flow distribution data relative to a reference
screen location. Six screen locations resulted in the circumferential distributions
(relative to a reference screen location) of data shown in figures 10a through 10c
for stations 1, 2, and 2A, respectively.
Steady-state pressure data were measured with a multichannel pressure
transducer scanning system that includes automatic data recording on computer
cards. Steady-state temperature measurementswere also automatically recorded
on computer cards by a multichannel scanning system in conjunction with a tem-
perature reference oven and a digital voltmeter. Traverse pressure and tem-
perature data and transient pressure data were recorded on magnetic tape at up
to 600 samples per minute per channel.
One static pressure orifice located in the plenum, two of the outer wall
static pressure orifices at Station 0, and a total pressure probe with sensors at
10, 50, and 90% spans at the rotor exit were close-coupled to transducers for
transient recording during operation into and out of stall. High-response pres-
sure transducers mounted as total pressure probes at 10, 50, and 90% span from
the tip behind the rotor (figure 11) were used to measure high-frequency total
pressure oscillations and to indicate the initiation of rotating stall. The high-
response transducer output was recorded on magnetic tape and correlated in
time with the transient recording of the plenum and Station 0 statics and the stage
exit total pressures.
Five rotor blades were instrumented with strain gages to provide vibratory
stress data. The gage outputs were displayed on oscilloscopes and visually
monitored during tests. Gage locations were determined by bench vibration





A shakedown test was performed to check out the rig and blade vibration
levels, blade stress levels, instrumentation, and data reduction programs.
Overall and blade element performance data were obtained for two operating
points with uniform inlet flow at 100% design equivalent rotor speed. One stall
transient was performed during this test.
Performance Tests
Overall performance, blade element performance, flow distribution and
stall transient data were obtained during the uniform inlet flow tests at 50, 70,
90, 10T, and 110% of design equivalent rotor speed. Five data points (defined
as a combination of flow and speed) were recorded at each speed to define stage
performance between maximum obtainable flow and near stall. The near-stall
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point was determined on the basis of flow and rotor exit pressure. Overall per-
formance, blade element performance and flow distribution data were obtained at
three flow conditions, including maximum and near-stall flow, at 70, 90, and
100% of design equivalent rotor speed for the hub and tip radial inlet flow dis-
tortion tests. For circumferential distortion of the inlet flow, overall perform-
ance data were recorded for three data points at each of 70, 90, and 100% of de-
sign equivalent rotor speed. Flow distribution data were also obtained with cir-
cumferential distortion of the inlet flow for two of the above data points at design
equivalent rotor speed and one data point at 90% design equivalent rotor speed.
To obtain an approximately uniform spacing of flow distribution data around the
circumference of the compressor, data were recorded for six screen locations
for each of the three data points. The resulting circumferential locations of
the instrumentation relative to a reference screen locations are shown in fig-
ure 10.
At each data point, traverse surveys were followed by the recording of
fixed pressure and temperature instrumentation data. Blade stresses were
monitored during steady-state and stall transient operation at all rotor speeds.
Transient measurements of bellmouth static pressure, rotor speed, and
rotor exit total pressure were recorded ten times per second to define stall
characteristics as the stage was operated into and out of stall. The output from
a high-response total pressure probe (10, 50, and 90% spans) at the rotor exit
was also recorded as the stage was operated into and out of stall and correlated
in time with the other transient measurements.
Data Reduction Procedures
Data reduction was accomplished in two steps. The first step involved the
use of two computer programs (1) to convert millivolt readings to appropriate
engineering units, and (2) to provide a tabulated and plotted array of pressures,
temperature, and air angle data at each station. Conversion of data to absolute
values, appropriate Mach number corrections, and adjustment of pressures
and temperature to equivalent NASA standard day conditions were performed
in the second computer program.
The second step in the data reduction procedure involved a computer pro-
gram to calculate overall and blade element performance variables for the rotor
and stator. The array of data provided in step one above was analyzed for the
selection of radial distributions of pressures, temperature, and air angle at
each axial station for input into the computer program.
Overall Performance
Total pressure ratios and adiabatic efficiencies were calculated for the
rotor and the rotor-stator (stage). The rotor and stator exit total pressures and
total temperatures were weighted according to local mass flow to obtain average
values. The mass-averaged stator exit total temperatures were used for both
the rotor and stage efficiency calculations.
The stator wake total pressures and total temperatures at each radial meas-
uring station were mass-averaged using the local total pressure in the wake, the
local total temperature in the wake, and the 8-deg wedge probe static pressure.
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Mach number was determined from the local total and static pressure measure-
ments. The local mass flow was then obtained from the relationship
1+
-W- 9v M -1+ 1 M 2(1-7)
m PA R 2
where A is the flow area associated with each radial measurement increment.
For the circumferential distortion data, the mass flow averaged values of
total pressure and total temperature measured at one circumferential location
within and one circumferential location outside of the distorted flow region were
weighted according to the circumferential extent of distorted and undistorted
flow, to obtain the actual values used to calculate the pressure ratio and efficiency.
It was assumed that the relative extents of distorted and undistorted flow remained
the same through each blade row.
Blade Element Performance and Flow Distribution Data
Blade element performance and flow distribution data are presented for
each blade row for uniform and radially distorted inlet flow. Performance calcu-
lations were made along design streamlines that pass through 5, 10, 15, 30, 50,
70, 85, 90, and 95% span at instrumentation Station 2. The calculations were
performed at the instrumentation stations and at the rotor and stator leading and
trailing edges. The pressures, temperatures, and air angles at the blade row
leading and trailing edges were obtained by translating the measured values from
the instrumentation stations assuming conservation of angular momentum, con-
servation of energy, continuity, and that the actual streamlines do not deviate
substantially from design streamlines for any test point. A description of the
translation method is presented in Reference 3. For circumferentially distorted
inlet flow, flow distribution data (i. e., total pressure, total temperature, flow
angle, velocity, Mach number and turning) is presented for the three data points
with six screen positions. These flow distribution data are at the instrumentation
stations and not translated to the blade row leading and trailing edges.
Stall Transient Data
Bellmouth static pressure at incipient stall was determined from plots
similar to the one shown in figure 12 and the corresponding weight flow was de-
termined from the correlation of bellmouth static pressure and orifice weight
flow shown in figure 13. The steady-state pressure ratio data were extrapolated
to the stall flow using the shape of the transient data curve as a guide line. In-




Overall performance data are presented in terms of total pressure ratio
and adiabatic efficiency as functions of equivalent weight flow (W'_/6 ) and equiv-
alent rotor speed (N/vt') for the rotor in figure 14 and the rotor-stator (stage)
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in figure 15. The design total pressure ratio and adiabatic efficiency for the
rotor were 1. 28 and 89. 9%, respectively, at a design flow of 110. 0 lb/sec. The
corresponding design values for the stage were 1.26 and 84. 8%. The design point
is shown on each figure for comparison with the performance results. The solid
symbol on the stall line in figures 14 and 15 is the stall point determined from
the transient data. Pressure ratio, adiabatic efficiency and polytropic efficiency
for the rotor and stage are also tabulated for the steady-state data points in
table A-1 of Appendix A.
Based on a curve faired through the data points, the rotor achieved an
adiabatic efficiency of 88. 9% and a total pressure ratio of 1.28 at design equiva-
lent rotor speed and flow. At the same flow and rotor speed the stage achieved
an adiabatic efficiency of 84. 8% and a total pressure ratio of 1. 26. Peak effi-
ciencies of 90. 1% and 86. 1% for the rotor and stage, respectively, were reached
at design equivalent rotor speed and an equivalent flow of 103 lb/sec (i. e., 96%
of design).
Blade Element Performance and Flow Distribution Data
As discussed on page 9, the blade element performance and flow distri-
bution data were calculated for the instrumentation stations and for the rotor
and stator leading and trailing edges. Table A-2 of Appendix A presents the
data at the instrumentation stations at the near design point operating condition
W L- C L t- OIIIaII LLL 1II UV~ UeLW :;L1 VeLUI-; L;UaULIaUIeU
from'the data at the instrumentation stations and the values calculated from the
data that have been translated to the rotor and stator leading edges. Because of
the small differences between translated and untranslated values, only the trans-
lated values are given in table A-3 of Appendix A for the remaining compressor
test points. The plotted results discussed for the rotor and stator in the follow-
ing paragraphs are based on the translated data.
Rotor Blade Element Performance
Rotor diffusion factor, deviation angle, and loss coefficient are shown as
functions of incidence angle in figures 16a through 16i. At the design incidence
angle and rotor speed, total pressure losses were less than or equal to the de-
sign values from 10 to 95% span from the tip and greater than the design value
only at 5% span. Deviation angles were greater than the design values between
30 and 90% span from the tip and were equal to or less than the design values at
5, 10, 15, and 95% span. The diffusion factor at design incidence angle and
rotor speed was greater than the design value at 5% span from the tip, approxi-
mately equal to the design values from 10 to 90% span, and less than the design
value at 95% span.
Loss parameter versus diffusion factor is presented in figures 17a through
17e for 10, 30, 50, 70, and 90% span, respectively. The design curve repre-
senting a correlation of the minimum loss data from Reference 3, References 7
through 13, and unpublished Pratt & Whitney Aircraft in-house data is shown in
these figures for comparison with the performance data. Although the data from
References 7 through 13 are for Series 65 blade sections, the data presented in
Reference 6 indicates that a single correlation of loss parameter vs diffusion
factor can be used for Series 65 and double-circular-arc blade sections. The
range of data in the Reference 6 correlation and the two-dimensional cascade
data from figure 149 of Reference 6 are also shown at 10, 50, and 90% span in
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figures 17a, 17c, and 17e, respectively, for comparison with the selected design
loss curves. At design equivalent rotor speed, the loss parameter values that
correspond to the minimum loss coefficient at 10, 30, 50, 70, and 90% span (fig-
ures 16b, 16d, 16e, 16f, and 16h, respectively) are on or below the design curve.
Axial gradients of rotor tip static pressure ratio (pL/p at -7. 3% axial
chord) are shown in figure 18 for each flowrate at design equivalent rotor speed.
This figure indicates that the rotor tip loading shifted toward the leading edge
of the blade as the compressor was throttled toward stall flow.
Stator Blade Element Performance
Stator diffusion factor, deviation angle, and loss coefficient are presented
as functions of incidence angle in figures 19a through 19i. For design incidence
angle, the stator losses were less than or equal to design at 5, 10, 30, 50, 70
and 95% span from the tip and greater than design at 15, 85, and 90% span.
Deviation angles, at design incidence, were from 2 to 5 deg greater than the
design values across the entire span of the vane. Diffusion factors, at design
incidence angle, were less than the design value at 5, 10, 15, 30, and 95% span
from the tip, approximately equal to the design value at 50, 70, and 90% span,
and greater than the design value only at 85% span.
Loss parameter versus diffusion factor is shown in figures 20a through
20e for 10, 30, 50, 70, and 90% span, respectively. The design curve, repre-
senting a correlation of the minimum loss data derived from the same references
discussed in the rotor blade element performance section, is shown on each
figure. The design point, the range of stator data from Reference 6, and the
two-dimensional cascade data from Reference 6 are also included in the figures
for comparison with Stator D performance data. For design equivalent rotor speed,
the loss parameter values corresponding to the minimum measured loss coeffi-
cients were below the design curve at 10 and 30% span from the tip, approximately
equal to the design curve value at 50 and 70% span, and greater than the design
curve value at 90% span.
The stator static pressure coefficient distributions at 10 and 90% span
from the tip are shown in figures 21a through 21e for design equivalent rotor
speed. Static pressure coefficient distributions for all uniform inlet data points
are tabulated in Appendix B. Vane suction surface instrumentation at 90% span
was inoperative at 45, 55, 65, 75, and 85% chord, preventing calculation of
static pressure coefficients at these locations.
The wall static pressure data were examined to determine if circumfer-
ential gradients with respect to the stator vanes were significant. In general,
the variations of static pressure at different circumferential locations (solid
symbols in figure 22), at approximately the same location relative to the stator
vane, are as large as any variations that may be noted within one stator vane
pitch. It was therefore concluded that no significant pitch variation was present
in these data. Representative curves for two flow conditions at design equivalent
rotor speed are presented as figures 22a and 22b.
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Hub and Tip Radial Inlet Flow Distortion
Overall performance, blade element performance and flow distribution
data were obtained with hub radial and tip radial distortion of the inlet flow. The
screens used to produce the distortion are described on page 3. At a flow of
approximately 115 lb/sec (i.e., 105% design equivalent flow), the hub and tip
radial distortion screens produced 15.6 and 17.2% total pressure distortion, i.e.,
(Pmax- Pmin)/Pmax, over the inner 47 and outer 38% of the compressor annulus
area, respectively. Rotor inlet total pressure profiles are presented in figure 23.
Overall Performance
Overall performance data obtained with hub radial distortion of the inlet
flow are presented in terms of pressure ratio and adiabatic efficiency as func-
tions of equivalent weight flow and equivalent rotor speed for the rotor in fig-
ure 24 and the stage in figure 25. Similarly presented in figures 26 and 27, is the
overall performance obtained with a tip radial distortion of the inlet flow. Uni-
form inlet flow data and the rotor and stage design point are presented in these
figures for comparison with the radially distorted inlet flow data. The stall line
shown is determined from stall transient data. Pressure ratio, adiabatic effi-
ciency, and polytropic efficiency for the rotor and stage are also tabulated for
the steady-state data points with radial distortion in table A-4 of Appendix A.
With hub radial distortion of the inlet flow., rotor pressure r2tio and effi-
ciency at 100% design equivalent rotor speed and 110 lb/sec flow were 1.25 and
89%, compared with 1. 28 and 88. 9% for uniform inlet flow. Similarly, stage
pressure ratio and efficiency were 1.24 and 84. 5% as compared with 1. 26 and
84. 8% with uniform inlet flow. With the addition of hub radial distortion at 90
and 100% design equivalent rotor speed, there were 2. 0% and 2. 1% reductions,
respectively, in stage surge pressure ratio and at 70% design rotor speed the
loss in surge pressure ratio was only 1. 1%. Therefore, Stage D was not appreci-
ably affected by hub radial distortion.
With tip radial distortion of the inlet flow, rotor pressure ratio at 100%
design equivalent rotor speed and 110 lb/sec equivalent weight flow, was 1.25
compared with 1. 28 for the uniform inlet flow. Rotor efficiency under the same
conditions was 87. 5%, compared with 88. 9% for uniform inlet flow. The corres-
ponding stage pressure ratio and efficiency were 1. 23 and 80. 5% compared with
1. 26 and 84. 8% for the uniform inlet. With the addition of tip radial distortion
stage surge pressure ratio decreased by 4. 1, 7.2, and 9.7% at 70, 90 and 100%
design equivalent rotor speed, respectively, when compared with the uniform
inlet test results. Consequently, Stage D was substantially affected by tip radial
distortion.
Blade Element Performance and Flow Distribution Data
Blade element performance and flow distribution data with radial distortion
were calculated for each of the nine design streamline locations and the results,
based on data translated to the blade row leading and trailing edges, are pre-
sented in tables A-5 and A-6 of Appendix A.
12
Rotor and Stator Blade Element Performance
Diffusion factor, deviation angle and loss coefficient with hub radial and tip
radial distortion of the inlet flow are presented as functions of incidence angle
in figures 28a through 28i for the rotor and in figures 29a through 29i for the
stator. Comparison of the data shown in figures 28 and 29 with the uniform inlet
flow data shown in figures 16 and 19 indicates that the rotor and stator deviation
angle and loss coefficient distributions with radial distortion are generally equiva-
lent to or are a normal extension of the values obtained with uniform inlet flow.
However, comparison of diffusion factor distributions indicates a different level
and rate of change of diffusion factor with incidence angle for each inlet flow
condition. Diffusion factor is the only one of the three variables (5, 6' or D)
that would be strongly influenced by hot properly accounting for radial flow shifts
through the blade row. As discussed on page 9, the blade element performance
calculations were made along design and not actual streamlines. One might ex-
pect larger differences between the actual and design streamlines with radial
distortion than with uniform inlet flow. One might also expect differences in
axial velocity ratio along the actual streamlines with and without distortion.
Therefore, the changes in diffusion factor vs incidence curves may be attributed
to both radial flow shifts and changes in axial velocity along a streamline.
Flow Distribution Data
Radial distributions of total and static pressure, total temperature, air
angle, and axial velocity for the rotor inlet, stator inlet and stator exit are pre-
sented for hub and tip radial distortion of the inlet flow in figures 30a through
32c and 33a through 35c, respectively. The values for the nine design streamline
locations are also presented in tables A-5 and A-6 of Appendix A.
The similarity of the stage inlet and exit total pressure and axial velocity
profiles shown in figures 30a and 33a for hub and tip distortion, respectively,
at design rotor speed and approximately 115 lb/sec (i.e., 105% design flow)
indicates very little attenuation of either distortion pattern. Generally, this
result is typical of the results obtained at other rotor speeds and flows.
Circumferential Distortion
Rotor and stage overall performance were obtained with circumferential
distortion of the inlet flow. The screen used to produce the distortion is
described on page 3. At a flow of approximately 116 lb/sec (i.e., 105% design
equivalent flow), the screen produced 13. 75% total pressure distortion, i.e.,
(P1 max - P1 min)/ P1 max, over a 90 deg sector of the compressor flow annulus.
A typical rotor inlet total pressure distribution is presented in figure 36. The
profile at approximately 105% design equivalent flow is not shown because at
that flow pressure data were recorded at only two circumferential locations.
Overall Performance
The rotor and stage overall performance achieved with circumferential
distortion of the inlet flow is compared with uniform inlet performance in figures
37 and 38, respectively. The half-solid symbols of figures 37 and 38 indicate
the data points for which both overall performance and flow distribution data were
recorded. Pressure ratio, adiabatic efficiency, and polytropic efficiency for the
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rotor and stage are also presented in table A-7 of Appendix A for the steady-state
data points with circumferential distortion.
The rotor and stage pressure ratios at design equivalent rotor speed and
flow were 1. 27 and 1. 25 with circumferential distortion of the inlet flow, com-
pared with 1.28 and 1. 26 for uniform inlet flow. Surge pressure ratio for the
stage decreased by 2. 0, 2.4, and 4. 6% with circumferentially distorted inlet flow
when compared with uniform inlet flow results at 70, 90, and 100% design equiva-
lent rotor speed, respectively.
The overall performance shown on figures 37 and 38 was calculated from
pressures and temperatures measured at one circumferential location within and
one circumferential location outside the distorted region. The pressures and
temperatures were weighted according to the circumferential extent of the distorted
and undistorted flow to obtain the average values for use in calculating the pres-
sure ratio and efficiency. (See Appendix C.) In an effort to verify the high effi-
ciencies shown on figures 37 and 38 and table A-7 with circumferential inlet flow
distortion, the overall performance was recalculated for the three data points
for which data were recorded at six screen locations using a larger sample of
the data within and outside of the distorted area. Average pressures and tempera-
tures were obtained by area weighing the spanwise mass-average values from
each of twelve circumferential locations around the flow field, thus providing a
better average of the rotor and stage exit pressures and temnernture than wn.
used to calculate the pressure ratios and efficiencies shown in figures 37 and 38
and in table A-7. The overall performance calculated from the data at twelve
circumferential locations is compared with the performance calculated from two
circumferential locations in figures 39 and 40 for the rotor and stage, respectively.
As shown on figures 39 and 40, the larger data sample had little effect on pressure
ratio but resulted in slightly different calculated levels of efficiency at the near-
surge flow points at 90 and 100% design equivalent rotor speed and a reduction in
efficiency of approximately 4 percentage points at the midpoint on the design equiva-
lent rotor speed operating characteristic. This result combined with the high
efficiencies (i. e., over 100% for the rotor at 70% design equivalent rotor speed)
shown on figures 37 and 38 suggest that the efficiencies are not correct and that
additonal data samples should be obtained in future test programs to obtain a more
accurate assessment of the rotor and stage efficiencies with circumferential dis-
tortion of the inlet flow. Although the effects of distortion on efficiency cannot be
accurately evaluated, the relatively low losses in surge pressure ratio indicate
that Stage D was only moderately affected by circumferential distortion.
Flow Distribution Data
Table A-8 of Appendix A presents flow distribution data at the instrumenta-
tion stations for circumferential increments of 30-deg around the compressor
annulus. Circumferential distributions of total pressure, static pressure, total
temperature, air angle and axial velocity for each instrumentation station at the
nine design streamline locations are shown in figures 41 through 43. Figures 41
and 42 present the values for the two data points at design equivalent rotor speed
and figure 43 presents the data for the one point at 90% design equivalent rotor
speed. The measured variables (pressure, temperature and air angle) are plotted
at the circumferential locations of the measuring instrument relative to the
distortion screen, and the axial velocity is plotted at circumferential locations
corresponding to the locations of the 20-deg wedge probes relative to the distor-
tion screen. A comparison of the circumferential distributions of total pressure
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and axial velocity at the rotor inlet with the corresponding values at the stage exit
indicates very little attenuation of the inlet distortion by either the hub or tip
sections of the compressor. This result is consistent with the results obtained
with radial distortion of the inlet flow.
SUMMARY REMARKS
Stage D, composed of Rotor D and Stator D, was tested with uniform inlet
flow and with hub radial, tip radial, and 90 deg one-per-revolution circumferential
distortion of the inlet flow. The results of these tests provide performance data
for: (1) comparison with data obtained from subsequent tests of a stage com-
prised of tandem-airfoil blading, (2) evaluating the effectiveness of accounting
for the inlet boundary layer, axial velocity ratio and secondary flows in compres-
sor design, and (3) evaluating the effects of inlet flow distortion on the stage
performance.
With uniform inlet flow at design equivalent rotor speed and flow, the rotor
achieved an adiabatic efficiency of 88. 9% at a pressure ratio of 1. 28 compared
with respective design values of 89. 9% and 1. 28. At the same flow and rotor
speed, the stage achieved its design adiabatic efficiency of 84.8% at a pressure
ratio of 1.26. At design equivalent rotor speed, maximum rotor and stage
adiabatic efficiencies of 90. 1% and 86. 1%, respectively, were reached at approxi-
mately 96% design equivalent flow.
With tip radial distortion of the inlet flow, significant decreases in stage
surge pressure ratio occurred, i.e., at design equivalent rotor speed, the surge
pressure ratio decreased by 9.7%. The surge pressure ratio at design speed with
hub radial and circumferential distortion decreased 2.0 and 4.6%, respectively,
from the uniform inlet test results. Peak adiabatic efficiency for the stage was
essentially unchanged with the addition of hub radial distortion. Tip radial dis-
tortion, however, produced a slight increase in peak adiabatic efficiency at 70
and 90% design speed and a significant decrease of 4. 5 percentage points at 100%
design speed. The effects of circumferential distortion on adiabatic efficiency
could not be accurately determined. For both radial and circumferential distor-
tion of the inlet flow, the hub and tip regions of the compressor produced very
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Figure 3. Single-Stage Compressor Rig FD 75492
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Figure 4. Flowpath Dimensions FD 64415A
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Figure 6. Eight-Degree Wedge Traverse Probe FD 58983
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Figure 8. Twenty-Degree Wedge Traverse Probe FD 58982
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Figure 9. Total Pressure/Total Temperature Circumferential Traverse Unit FD 47068
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Figure 10a. Composition of Station 1 Instrumentation Relative to the Circumferential Distortion DF 97689
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Figure 10b. Composition of Station 2 Instrumentation Relative to the Circumferential Distortion DF 97690
Screen for Six Screen Positions
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Figure 10c. Composition of Station 2A Instrumentation Relative to the Circumferential Distortion DF 97691
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Figure 11. High-Response Probe FD 58984B
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Figure 16a. Rotor D Blade Element Performance; DF 97695
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Figure 16b. Rotor D Blade Element Performance, DF 97696




























-18 -16 -14 -12 -10 -8 -6 -4 -2 0 2 4 6 8 10 12
INCIDENCE ANGLE, im - deg
Figure 16c. Rotor D Blade Element Performance; DF 97697
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Figure 16d. Rotor D Blade Element Performance; DF 97698
30% Span from Tip; Uniform Inlet Flow
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Figure 16e. Rotor D Blade Element Performance; DF 977699
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Figure 16f. Rotor D Blade Element Performance; DF 97700
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Figure 16g. Rotor D Blade Element Performance; DF 97701
85% Span from Tip; Uniform Inlet Flow
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Figure 16h. Rotor D Blade Element Performance; DF 97702
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Figure 16i. Rotor D Blade Element Performance; DF 97703
95% Span from Tip; Uniform Inlet Flow
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Figure 17a. Rotor D Loss Parameter vs Diffusion Factor; 10% Span from Tip; Uniform Inlet Flow DF 97704
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Figure 17b. Rotor D Loss Parameter vs Diffusion Factor; 30% Span from Tip; Uniform Inlet Flow DF 97705
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Figure 17c. Rotor D Loss Parameter vs Diffusion Factor; 50% Span; Uniform Inlet Flow DF 97706
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Figure 17d. Rotor D Loss Parameter vs Diffusion Factor; 70% Span from Tip; Uniform Inlet Flow DF 97707












w 0.08 3 and 7 Through 13
and Unpublished
SRange of Compressor P&WA In-House Data)
0.06 Data (Reference 6)
0.04
0.02 Two-DimensionalCascade Data(Reference 6)
0.0
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
DIFFUSION FACTOR, D















0 Equivalent Weight Flow
0.98 - 120.02 lb/sec
0 - 110.18 lb/sec
0.96 0 - 102.67 lb/sec
0 - 95.36 lb/sec
0.94 - 88.32 lb/sec
0.92
0.90 Leading Edge Trailing Edge
0.88
-10 0 10 20 30 40 50 60 70 80 90 100 110
PERCENT AXIAL CHORD
Figure 18. Rotor D Tip Static Pressure Ratio vs DF 97709
Percent Axial Chord; 100% Design
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Figure 19a. Stator D Blade Element Performance; DF 97710
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Figure 19b. Stator D Blade Element Performance; DF 97711
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Figure 19c. Stator D Blade Element Performance; DF 97712
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Figure 19d. Stator D Blade Element Performance; DF 97713
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Figure 19f. Stator D Blade Element Performance; DF 97715
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Figure 19g. Stator D Blade Element Performance; DF 97716
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Figure 19h. Stator D Blade Element Performance; DF 97717
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Figure 19i. Stator D Blade Element Performance; DF 97718
95% Span from Tip; Uniform Inlet Flow
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Figure 20a. Stator D Loss Parameter vs Diffusion Factor; 10% Span from Tip; Uniform Inlet Flow DF 97719
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Figure 20b. Stator D Loss Parameter vs Diffusion Factor; 30% Span from Tip; Uniform Inlet Flow DF 97720
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Figure 20c. Stator D Loss Parameter vs Diffusion Factor; 50% Span; Uniform Inlet Flow DF 97721
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Figure 20d. Stator D Loss Parameter vs Diffusion Factor; 70% Span from Tip; Uniform Inlet Flow DF 97722
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Figure 20e. Stator D Loss Parameter vs Diffusion Factor; 90% Span from Tip; Uniform Inlet.Flow DF 97723
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Figure 21a. Stator D Static Pressure Coefficient vs DF 97724
Percent Chord; 100% Design Equivalent
Rotor Speed; Equivalent Weight Flow =
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Figure 21b. Stator D Static Pressure Coefficient vs DF 97725
Percent Chord; 100% Design Equivalent
Rotor Speed; Equivalent Weight Flow =
110. 18 lb/sec; Uniform Inlet Flow
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Figure 21c. Stator D Static Pressure Coefficient vs DF 97726
Percent Chord; 100% Design Equivalent
Rotor Speed; Equivalent Weight Flow =




-2.0 E Pressure Surface
Open Symbol - 10% Span From Tip
Solid Symbol - 90% Span From Tip
-1.8
Open surface instrumentation at 45, 55, 65, 75, and 85% chord,




















0 10 20 30 40 50 60 70 80 90 100
PERCENT CHORD
Figure 21d. Stator D Static Pressure Coefficient vs DF 97727
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Figure 21e. Stator D Static Pressure Coefficient vs DF 97728
Percent Chord; 100% Design Equivalent
Rotor Speed; Equivalent Weight Flow =
88.32 lb/sec; Uniform Inlet Flow
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Solid symbols denote data transposed from other circumferential locations. See figure 5.
16.0 Note: One inner wall static pressure orifice
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Figure 22a. Wall Static Pressure Distributions DF 97229
Upstream and Downstream of Stator D;
100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 110. 18 lb/sec;
Uniform Inlet Flow
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Solid symbols denote data transposed from other circumferential locations. See figure 5.
Note: One inner wall static pressure orifice
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Figure 22b. Wall Static Pressure Distribution DF 97730
Upstream and Downstream of Stator D;
100% Design Equivalent Rotor Speed;
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Figure 23. Typical Rotor Inlet Total Pressure DF 97731
Profiles With Hub and Tip Radial














S- - - Uniform Inlet Flow Data
Hub Radial Distortion
Solid symbols denote stall points determined from transient stall data
1.4







50 60 70 80 90 100 110 120
EQUIVALENT WEIGHT FLOW, W V/0-8 - lb/sec
Figure 24. Overall Performance of Rotor D; Hub DF 97732
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1.4 Solid symbols denote stall points determined from transient stall data
1.3
A Surge Pressure ratio 1
1.2. ...
S90% Speed \ 100% Speed
1.1 M70% Speed
1.0
50 60 70 80 90 100 110 120
EQUIVALENT WEIGHT FLOW, W -~i/6 - lb/sec
Figure 25. Overall Performance of Stage D; Hub DF 97733
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Figure 26. Overall Performance of Rotor D; Tip DF 97734









U --nifoira. inllwt Fla
L4 - ii s .l ee stOl points de...ined. tr...ansient sta=7 data
P.J:WArIT "r.m -F.*, wi:: - l b
Figure 27. Overall Performance of Stage D; Tip DF 97735
















Open Symbols - Hub Radial Distortion
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Figure 28a. Rotor D Blade Element Performance; DF 97736


















Open Symbols - Hub Radial Distortion
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Figure 28b. Rotor D Blade Element Performance; DF 97737














Open Symbols - Hub Radial Distortion
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Figure 28c. Rotor D Blade Element Performance; DF 97738

















Open Symbol - Hub Radial Distortion
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Figure 28d. Rotor D Blade Element Performance; DF 97739

















Open Symbols - Hub Radial Distortion
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Figure 28e. Rotor D Blade Element Performance; DF 97740


















Open Symbols - Hub Radial Distortion
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Figure 28f. Rotor D Blade Element Performance; DF 97741





















Open Symbols - Hub Radial Distortion
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Figure 28g. Rotor D Blade Element Performance; DF 97742

















Open Symbols - Hub Radial Distortion
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Figure 28h. Rotor D Blade Element Performance; DF 97743
















Open Symbols - Hub Radial Distortion
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Figure 28i. Rotor D Blade Element Performance; DF 97744




















Open Symbols - Hub Radial Distortion
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Figure 29a. Stator D Blade Element Performance; DF 97745


















Open Symbols - Hub Radial Distortion
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Figure 29b. Stator D Blade Element Performance; DF 97746



















Open Symbols - Hub Radial Distortion
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Figure 29c. Stator D Blade Element Performance; DF 97747









Open Symbols - Hub Radial Distortion
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Figure 29d. Stator D Blade Element Performance; DF 97748





















Open Symbols - Hub Radial Distortion
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Figure 29e. Stator D Blade Element Performance; DF 97749

















Open Symbols - Hub Radial Distortion
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Figure 29f. Stator D Blade Element Performance; DF 97750














Open Symbols - Hub Radial Distortion
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Figure 29g. Stator D Blade Element Performance; DF 97751

















Open Symbols - Hub Radial Distortion
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Figure 29h. Stator D Blade Element Performance; DF 97752


















Open Symbols - Hub Radial Distortion
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Figure 29i. Stator D Blade Element Performance; DF 97753
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Figure 30a. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97754
at Rotor Inlet, Stator Inlet and Stator Exit; 100% Design Equivalent Rotor Speed;
Equivalent/Weight Flow = 114. 76 lb/sec; Hub Radial Distortion
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SFigure 30b. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97755
at Rotor Inlet, Stator Inlet and Stator Exit; 100% Design Equivalent Rotor Speed;
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Figure 30c. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97756
at Rotor Inlet, Stator Inlet and Stator Exit; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 84.40 lb/sec; Hub Radial Distortion
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Figure 31a. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97757
at Rotor Inlet, Stator Inlet and Stator Exit, 90% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 102.52 b/sec; Hub Radial Distortion
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Figure 31b. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97758
at Rotor Inlet, Stator Inlet and Stator Exit; 90% Design Equivalent Rotor Speed;
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e Figure 31c. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97759
at Rotor Inlet, Stator Inlet and Stator Exit; 90% Design Equivalent Rotor Speed;
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Figure 32a. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97760
at Rotor Inlet, Stator Inlet and Stator Exit; 70% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 82. 96 lb/sec; Hub Radial Distortion
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Figure 32b. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97761
at Rotor Inlet, Stator Inlet and Stator Exit; 70% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 71.46 lb/sec; Hub Radial Distortion
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Figure 32c. Total and!Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97762
at Rotor Inlet, Stator Inlet and Stator Exit; 70% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 59. 11 Ib/sec; Hub Radial Distortion
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Figure 33a. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97763
at Rotor Inlet, Stator Inlet and Stator Exit; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 115. 11 b/sec; Tip Radial Distortion
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Figure 33b. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97764
at Rotor Inlet, Stator Inlet and Stator Exit; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 106. 05 lb/sec; Tip Radial Distortion
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Figure 33c. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97765
at Rotor Inlet, Stator Inlet and Stator Exit; 100% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 99. 09 Ib/sec; Tip Radial Distortion
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Figure 34a. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97766
at Rotor Inlet, Stator Inlet and Stator Exit; 90% Design. Equivalent Rotor Speed;
Equivalent Weight Flow = 105. 62 lb/see; Tip Radial Distortion
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Figure 34b. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97767
at Rotor Inlet, Stator Inlet and Stator Exit; 90% Design Equivalent Rotor Speed;0Equivalent Weight Flow = 97.85 lb/sec; Tip Radial Distortion
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Figure 34c. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97768
at Rotor Inlet, Stator Inlet and Stator Exit; 90% Design Equivalent Rotor Speed;
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Figure 35a. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97769
at Rotor Inlet, Stator Inlet and Stator Exit; 70% Design Equivalent Rotor Speed;
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Figure 35b. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97770
at Rotor Inlet, Stator Inlet and Stator Exit; 70% Design Equivalent Rotor Speed;
Equivalent Weight Flow = 80.21 lb/sec; Tip Radial Distortion
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Figure 35c. Total and Static Pressure, Total Temperature, Air Angle and Axial Velocity vs Span DF 97771
at Rotor Inlet, Stator Inlet and Stator Exit; 70% Design Equivalent Rotor Speed;
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Figure 36. Typical Rotor Inlet Total Pressure Distribution With Circumferential Distortion; DF 97772










----- Uniform Inlet Flow Data
- 90-deg Circumferential Distortion
Half-solid symbols denote conditions at which flow distribution data were recorded
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Figure 37. Overall Performance of Rotor D; DF 97773
Circumferential Distortion Compared















-----nifJrZw I..t.i Fl.w £Data
- 90-deg Circumferential Distortion
Half-solid symbols denote conditions at which flow distribution data were recorded
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Figure 38. Overall Performance of Stage D; DF 97774
Circumferential Distortion Compared














x Overall Performance Calculated From
Data for Six Screen Locations
----- Uniform Inlet Flow Data
90-deg Circumferential distortion
Half-solid symbols denote conditions at which flow distribution data were re0orded
1.4 Solid symbols denote stall points determined from transient stall data
1.3
1.2 _
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Figure 39. Overall Performance of Rotor D; DF 97775
Circumferential Distortion Compared














M Overall Performance Calculated From Data for
Six Screen Locations
-- - - Uniform Inlet Flow Data
- 90-deg Circumferential Distortion
Half-solid symbols denote conditions at which flow distribution data were recorded
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Figure 40. Overall Performance of Stage D; DF 97776
Circumferential Distortion Compared
With Uniform Inlet Flow
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Figure 41a. Rotor Inlet Total Pressure vs Circumferential Location; 100%o Design Equivalent Rotor DF 97777
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Figure 41b. Rotor Inlet Static Pressure vs Circumferential Location; 100%b Design Equivalent Rotor DF 97778
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Figure 41d. Rotor Inlet Axial Velocity vs Circumferential Location; 100% Design Equivalent Rotor DF 97780
Speed; Equivalent Weight Flow = 101. 60 lb/sec; Circumferential Distortion
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Figure 41f. Stator Inlet Static Pressure vs Circumferential Location, 100%/ Design Equivalent DF 97782
Rotor Speed, Equivalent Weight Flow 101. 60 b/sec, Circumferential Distortion









91-i~l~l mkl~l:i.~'l'l' i!;if ;:itiiii ilir~'iii~il~ii':~lii iI:..'f;;i-,'':ri~i:I:.14-
TIP!li~liliil:il i':l
i L!
,: ,:f : : Ati~t i4::I
-;-;ea~o~ll:i
Fiur 1g taerIle irAnl v irumeenil octon 00b eig quvaet oorSti, F978
i7TaetWih lw 0.6 bsc icufrnilDsoto
jt -- J 1 ih . !t t
E3
...... !ii~fi~ ~ ie ii: 1 X' .... . .ii .;i.i : ! ',T, :: :l++l "l+', i--i i:;~il ll~llr (i:l;:;11: ~, H
.. ... . i. .
ti;
.... .. Ii+ i . ..i ;,,!I, . i
till.
t Eh 17 -7
...... .:
.... * + -+ From Tilt
t It
IdI
+ . i + -,+ -1 - DIRMO OF OORRTo TO
I i%,
95 : , ,i, i, +Im . ,l ;
S - :%. I[ k + +: I .. ... ........ ..
t I IL fL
Figure 41h. Stator Inlet Axial Velocity vs Circumferential Location; 100% Design Equivalent DF 97784
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Figure 41[. Stator Exit Total Pressure vs Circumferential Location; 100% Design Equivalent DF 97785
Rotor Speed; Equivalent Weight Flow = 101. 60 lb/see; Circumferential Distortion
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Figure 411, Stator Exit Air Angle vs Circumferential Location, 100% Design Equivalent Rotor DF 97788
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Figure 411. Stator Exit Air Angle vs Circumferential Location; 100%/ Design Equivalent Rotor DF 97788
Speed; Equivalent Weight Flow = 101. 60 lb/see; Circumferential Distortion
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Figure 42d. Rotor Inlet Axial Velocity vs Circumferential Location; 100% Design Equivalent DF 97823Rotor Speed; Equivalent Weight Flow = 90.59 lb/see; Circumferential Distortion
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Figure 42e. Stator Inlet Total Pressure vs Circumferential Location; 100%o Design Equivalent DF 97824
Rotor Speed; Equivalent Weight Flow = 90. 59 lb/sec; Circumferential Distortion
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Figure 42g. Stator Inlet Air Angle vs Circumferential Location; 100% Design Equivalent Rotor Speed; DF 97826
Equivalent Weight Flow = 90.59 lb/sec; Circumferential Distortion
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Figure 42h. Stator Inlet Axial Velocity vs Circumferential Location; 100% Design Equivalent DF 97827
Rotor Speed; Equivalent Weight Flow = 90.59 lb/sec; Circumferential Distortion
C71
.. it SY-1 l,'- St..
j~N30 t
T- t j .1t--
t 7-7 j- i4- i 90 i-
-7 -- ----- ~ -1
r 
It
77l : 14- -L!:




~ 7 7 4: .
it i7it :
;-fli ALE-
0 1it . I ERIN if 5; ;1 t ;I r ii
Fiue4i Sao xt oa rssr sCrcmeetalLcto; 0%DsgnEuvlntD 72Roo pe;EuvletWih lw=905 bsc icmfrnilDsoto
1t F I _1
DIRECTION OF ROTOR ROTATION
O To+ .. .. .... .. / o ,o : ? - - .
1 5
bl-n of D.-or o
Ir
.. o ... .. o n no ..... o o
14 u It F
'. I •1 'l~ro ,F 'OO DTT
-f-i -- *' ....... .i.i ' ' " j.::
,I .:i :Iii
vi ... .. :: :i I;:ii +
Fiue4j.-ao Ei ttc rsue sCrumeeta L'to;10 Dsg quvln otrD 72
S Et h =b C.... me l D6,1
4t -7 6':
I+ + r- .... i :';f: : i -- :-":+ ......... I ....
Figure 42j. Stator Exit Static Pressure vs Circumferential Location; 100% Design Equivalent Rotor DF 97829
Speed.; Equivalent Weight Flow = 90.59 lb/sec; Circumferential Distortion
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Figure 42k. Sator Exit Total Temperature vs Circumferential Location; 1001 Design Equivalent DF 97830
Rotor Speed; Equivalent Weight Flow = 90.U59 b/sec; Circumferential Distortion
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Figure 421. Stator Exit Air Angle vs Circumferential Location; 100%o Design Equivalent Rotor DF 97831
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Figure 43b. Rotor Inlet Static Pressure vs Circumferential Location; 90% Design Equivalent Rotor DF 97834
Speed; Equivalent Weight Flow = 79.78 lb/sec; Circumferential Distortion
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Figure 43c. Rotor Inlet Air Angle vs Circumferential Location, 90% Design Equivalent Rotor Speed, 
DF 97835
Equivalent Weight Flow =79, 78 lb/sec Circumferential Distortion
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Figure 43f. Stator Inlet Static P 'ressure vs Circumferential Location; 90% Design Equivalent DF 97838
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Figure 43j. Stator Exit Static Pressure vs Circumferential Location; 90% Design Equivalent DF 97842
Rotor Speed; Equivalent Weight Flow = 79.78 Ib/sec; Circumferential Distortion
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Figure 431. Stator Exit Air Angle vs Circumferential Location; 90% Design Equivalent Rotor DF 97844
Speed; Equivalent Weight Flow = 79. 78 lb/sec; Circumferential Distortion
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APPENDIX A
TABULATED OVERALL AND BLADE ELEMENT PERFORMANCE
AND FLOW DISTRIBUTION DATA
Rotor D and Stage D overall performance with a uniform inlet, hub radial
distortion, tip radial distortion, and circumferential distortion of the inlet flow
is tabulated in tables A-i, A-4, and A-7, respectively. Rotor D and Stator D
blade element performance and flow distribution data for uniform inlet, hub
radial distortion of the inlet flow and tip radial distortion of the inlet flow is pre-
sented in tables A-3, A-5, and A-6, respectively. The flow distribution data
with circumferential distortion of the inlet flow are given in table A-8 for circum-
ferential increments of 30 deg around the compressor annulus. Table A-2 is
presented to illustrate the small differences at the near-design point between
values calculated from the data at the instrumentation stations and the values
calculated from the data that have been translated to the blade row leading and
trailing edges.
The blade element performance and flow distribution data with uniform
inlet flow and radial distortion of the inlet flow are arranged in order of
decreasing rotor speed and decreasing flow at each rotor speed. The flow
distribution data with circumferential distortion of the inlet flow are given at
the instrumentation station planes and are arranged for a given equivalent rotor
speed flow combination in order of increasing circumferential position. The
circumferential positions of the data at each instrumentation station is noted at
the top of each data sheet. These positions were selected so that they would
correspond as close as possible to the locations of the 20 deg wedge probes




NOMENCLATURE USED FOR OVERALL PERFORMANCE TABULATION
Mass-Averaged Rotor Inlet Total Pressure P 1
Mass-Averaged Stator Inlet Total Pressure P 2
Mass-Averaged Stator Exit Total Pressure P2A
Adiabatic Efficiency* 7'ad
Polytropic Efficiency* 7p
NOMENCLATURE USED FOR BLADE ELEMENT AND
DISTORTION DATA TABULATION
Exit Percent Span from Tip PCT SPAN
Exit Diameter DIA
Absolute Flow Angle BETA
Relative Flow Angle BETA (PR)
Absolute Velocity V
Axial Velocity VZ
Absolute Tangential Velocity V-THETA
Relative Tangential Velocity V-THETA PR
Rotor Speed U
Absolute Mach Number M
Relative Mach Number M (PR)
Relative Turning Angle TURN (PR)
Loss Coefficient ( )** UUBAR








Stator Exit Average Freestream Total
Pressure from Wake Rakes P2 FS
Loss Coefficient Based on P2FS (_ fs) UUBAR FS
Loss Parameter Based on UUBAR FS LOSS PARA FS
*Efficiencies calculated from mass-averaged values of total pressure and total
temperature.
**Denotes variables excluded from circumferential distortion data.
Where applicable the appropriate instrumentation station is noted.
156




lb/sec 2/Tl 'ad lp P2A/ 1 ad p
110% Design Equivalent Rotor Speed
123.41 1.2185 0.7293 0.7368 1.1947 0.6539 0.6625
116.07 1.3400 0.8855 0.8901 1.3226 0.8436 0.8496
109.67 1.3540 0.8800 0.8850 1.3397 0.8470 0.8532
102.55 1.3637 0.8774 0.8827 1.3414 0.8279 0.8349
97.18 1.3671 0.8378 0.8449 1.3477 0.7948 0.8033
100% Design Equivalent Rotor Speed
120.02 1. 1958 0.7570 0.7631 1.1742 0.6774 0.6846
110.18 1. 2782 0. 8892 0. 8929 1.2645 0. 8481 0. 8531
102.67 1.2830 0.9008 0.9043 1.2692 0.8595 0.8641
95.36 1.2928 0.8740 0.8785 1.2741 0.8222 0.8282
88.32 1.3012 0.8545 0.8598 1.2784 0.7943 0.8013
90% Design Equivalent Rotor Speed
113.67 1. 1697 0. 8117 0. 8159 1. 1566 0.-7516 0. 7567
103.01 1. 2170 0. 8975 0. 9004 1.2055 0. 8532 0. 8562
91.28 1.2244 0.8745 0.8781 1.2154 0.8410 0.8454
85.21 1.2294 0.8908 0.8940 1.2174 0.8278 0.8325
76.85 1. 2334 0. 8310 0.8360 1.2190 0. 7823 0. 7883
70% Design Equivalent Rotor Speed
92.54 1. 1095 0.8597 0.8617 1.1005 0.7909 0.7938
82.65 1. 1238 0.8952 0.8969 1. 1173 0.8490 0.8514
71.87 1. 1303 0.8675 0.8698 1.1255 0.8358 0.8386
65.46 1. 1378 0. 8619 0.8644 1. 1312 0. 8213 0. 8244
58.62 1. 1391 0. 8303 0. 8334 1. 1287 0. 7700 0. 7739
50% Design Equivalent Rotor Speed
66.42 1.0530 0.7785 0.7802 1.0496 0.7292 0.7310
59.41 1.0603 0.8370 0.8384 1.0579 0.8036 0.8052
51. 12 1.0647 0. 8367 0. 8382 1.0618 0. 7992 0. 8009
46.51 1.0650 0. 8178 0.8195 1.0632 0. 7953 0. 7971












































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































lb/sec P2/P1 1'ad 7Ip P2A/P1 'lad 77p
Hub Radial Distortion
100% Design Equivalent Rotor Speed
114.76 1.2493 0.8863 0.8899 1.2355 0.8399 0.844697.44 1.2603 0.8838 0.8875 1.2444 0.8329 0.8380
84.40 1.2538 0.8045 0.8107 1.2299 0.7331 0.7408
90% Design Equivalent Rotor Speed
102.52 1.1875 0.8944 0.8970 1.1769 0.8459 0.8494
88.60 1.2135 0.8964 0.8992 1.2011 0.8467 0.8506
76.35 1.2026 0.8103 0. 8152 1. 1858 0.7464 0.7525
70% Design Equivalent Rotor Speed
82.96 1.1180 0.8925 0.8942 1.1109 0.8397 0.842171.46 1. u 0.8854 0. 8874 1. 1234 0. 8461 0. 8487
59. 11 1. 1272 0.8143 0. 8175 1. 1190 0. 7629 0. 7667
Tip Radial Distortion
100% Design Equivalent Rotor Speed
115.11 1.2430 0.8520 0.8565 1.2183 0.7704 0.7767
106.05 1.2585 0.8792 0.8831 1.2382 0. 8143 0.8199
99.09 1.2739 0.8653 0.8698 1.2556 0.8112 0.8172
90% Design Equivalent Rotor Speed
105.62 1. 1862 0. 8559 0. 8594 1. 1724 0.7954 0.799997.85 1. 2089 0.9122 0.9146 1. 1955 0. 8566 0.860290.04 1.2207 0.8776 0.8810 1.2079 0.8292 0.8337
70% Design Equivalent Rotor Speed





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































lb/sec P 2 /P 1  'ad 77p P2A/ 1 Tad 7 p
100% Design Equivalent Rotor Speed
116.07 1.2386 0. 8472 0. 8517 1.2163 0. 7731 0. 7794
*101.60 1.2835 0. 9596 0. 9610 1. 2643 0. 8998 0. 9030
* 90.59 1.2809 0.8613 0. 8661 1.2478 0.7674 0.7745
90% Design Equivalent Rotor Speed
107.38 1. 1973 0. 8930 0. 8957 1. 1839 0. 8358 0. 8398
90.90 1.2257 0. 9556 0. 9568 1. 2085 0. 8874 0. 8903
* 79. 78 1.2252 0. 8622 0. 8661 1.2013 0. 7763 0. 7821
70% Design Equivalent Rotor Speed
87. 12 1. 1216 0. 9488 0. 9496 1. 1142 0. 8928 0. 8948
73.45 1. 1368 1.0113 1. 0111 1. 1286 0. 9536 0. 9540
61. 84 1. 1371 0. 8612 0. 8637 1. 1233 0. 7776 0. 7816
NOTE: *Data taken at multiple screen positions.
203
Table A-8. Blade Element Performance
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (16*) - Station 2 (6°) - Station 2A (3550)
ROTCR D PCT SPAN 94.99 90.00 84.99 70.00 50.0C 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIASTATION 1 BETA 1 4.536 2.728 -2.335 -2.344 -1.592 -1.615 -1.397 -1.789 -1.911 BETA 1
STATION 2 BETA 2 54.082 53.791 53.121 48.012 4b.003 44.969 46.586 50.313 55.454 BETA 2
BETA(PR) 1 61.321 61.313 . 61.633 60.913 61.138 62.909 64.280 65.590 68.877 BETA(PR) 1
BETA(PR) 2 24.743 18.205 27.790 30.027 33.114 35.850 39.363 42.693 47.623 BETA(PR) 2
V 1 316.45 325.15 340.82 365.18 377.26 366.75 356.36 340.06 291.55 V 1
V 2 558.99 610.08 553.46 565.23 568.69 570.75 555.34 532.44 505.25 V 2
VZ 1 315.45 324.77 340.53 364.88 377.10 366.55 356.19 339.84 291.36 VZ 1VZ 2 327.91 360.39 332.14 378.11 394.89 403.37 381.04 339.48 286.15 VZ 2
V-THETA 1 25.03 15.47 -13.89 -14.94 -10.48 -10.33 
-8.69 -10.61 -9.72 V-THETA I
V-THETA 2 452.70 492.25 442.71 420.11 408.96 402.93 402.74 409.09 415.63 V-THETA 2
VIPR) 1 657.3 676.6 716.7 750.6 781.2 804.9 820.8 822.4 808.5 VIPR) I
V(PR) 2 361.1 379.4 375.4 436.7 471.7 498.3 493.9 462.8 425.3 VIPR) 2VTHETA PRI -576.7 -593.5 -630.7 -655.9 -684.2 -716.6 -739.5 -748.8 -754.2 VTHETA PRI
VTHETA PR2 -151.1 -118.5 -175.0 -218.5 -257.6 -291.5 -312.6 -313.2 -313.6 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
n 1 0.2857 0.2937 0.3082 0.3306 0.3418 0.3321 0.3225 0.3075 0.2629 M 1M 2 0.4894 0.5376 0.4860 0.4965 0.4990 0.5018 0.4864 0.4649 0.4399 M 2
MIPR) 1 0.5935 0.6112 0.6480 0.6796 0.7079 0.7289 0.7428 0.7435 0.7292 M(PR) 1
M(PR) 2 0.3161 0.3343 0.3297 0.3836 0.4139 0.4381 0.4326 0.4041 0.3703 M(PR) 2
TURN(PR) 36.578 43.108 33.843 30.888 28.041 27.113 25.010 23.003 21.365 TURN(PR)P 1 13.302 13.472 13.519 13.548 13.564 13.595 13.629 13.629 13.452 P 1P 2 18.227 18.804 18.169 18.399 18.517 18.684 18.526 18.287 18.048 P 2T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1T 2 568.911 566.964 565.050 565.941 567.361 565.513 568.034 569.384 570.168 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIASTATION 2 BETA 2 54.082 53.791 53.121 48.012 46.003 44.969 46.586 50.313 55.454 BETA 2STATION 2A BETA 2A 2.031 1.978 0.641 0.077 3.093 3.831 4.651 5.306 4.926 BETA 2AV 2 558.99 610.08 553.46 565.23 568.69 570.75 555.34 532.44 505.25 V 2V 2A 406.71 399.91 392.36 416.13 443.75 466.37 441.45 426.96 430.09 V 2A
VZ 2 327.91 360.39 332.14 378.11 394.89 403.37 381.04 339.48 286.15 VZ 2VZ 2A 406.45 399.67 392.32 416.09 443.01 465.16 439.78 424.89 428.19 VZ 2A
V-THETA 2 452.70 492.25 442.71 420.11 408.96 402.93 402.74 409.09 415.63 V-THETA 2V-THETA 2A 14.41 13.80 4.39 0.56 23.94 31.15 35.78 39.46 36.90 V-THETA 2AM 2 0.4894 0.5376 0.4860 0.4965 0.4990 0.5018 0.4864 0.4649 0.4399 M 2M 2A 0.3514 0.3460 0.3398 0.3607 0.3849 0.4057 0.3826 0.3693 0.3718 M 2ATURN(PR) 52.050 51.812 52.480 47.933 42.890 41.079 41.839 44.902 50.426 TURN(PRIP 2 18.227 18.804 18.169 18.399 18.517 18.684 18.526 18.287 18.048 P 2P 2A 17.912 17.825 17.778 17.952 18.170 18.361 18.157 18.049 18.062 P 2A
T 2 568.911 566.964 565.050 565.941 567.361 565.513 568.034 569.384 570.168 T 2
T 2A 571.067 569.328 567.570 568.224 569.385 567.875 570.196 571.433 572.178 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (46 ) - Station 2 (36 ) - Station 2A (25")
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.665 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 5.541 5.131 4.687 3.733 4.174 2.028 2.670 3.207 4.804 BETA 1
STATION 2 BETA 2 45.619 45.766 45.665 40.276 39.363 38.142 40.384 44.314 48.163 BETA 2
bETA(PR) 1 52.278 51.402 51.113 50.617 52.538 54.715 57.125 58.323 61.712 BETA(PR) 1
BETA(PR) 2 26.263 27.153 26.660 29.369 31.333 36.044 39.643 43.741 51.453 BETA(PR) 2
V 1 434.98 455.45 468.15 500.49 490.22 487.93 459.06 441.06 384.71 V 1
V 2 569.74 568.55 579.43 593.67 603.49 584.31 560.39 523.15 461.72 V 2
VZ 1 432.94 453.62 466.56 499.43 488.90 487.56 458.48 440.30 383.32 VZ 1
VZ 2 398.49 396.61 404.94 452.91 466.39 458.95 426.01 373.59 307.44 VZ 2
V-THETA 1 42.00 40.73 38.25 32.59 35.68 17.26 21.38 24.67 32.21 V-THETA 1
V-THETA 2 407.19 407.36 414.45 383.77 382.59 360.40 362.35 364.75 343.40 V-THETA 2
V(PR) 1 707.6 727.1 743.2 787.1 803.8 844.1 844.7 838.5 808.9 V(PR) 1
V(PR) 2 444.4 445.7 453.1 519.7 546.3 568.4 554.4 518.1 494.1 V(PR) 2
VTHETA PRI -559.7 -568.3 -578.5 -608.4 -638.0 -689.0 -709.4 -713.5 -712.2 VTHETA PR1
VTHETA PR2 -196.6 -203.4 -203.3 -254.9 -283.9 -334.0 -353.0 -357.5 -385.9 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.3957 0.4149 0.4269 0.4576 0.4478 0.4456 0.4183 0.4014 0.3487 M 1
n 2 0.5057 0.5056 0.5167 0.5298 0.5387 0.5213 0.4981 0.4633 0.4065 M 2
M(PR) 1 0.6437 0.6624 0.6777 0.7196 0.7343 0.7709 0.7697 0.7630 0.7333 M(PR) 1
M(PR) 2 0.3944 0.3964 0.4041 0.4638 0.4876 0.5071 0.4927 0.4589 0.4350 M(PR) 2
TURNIPR) 26.015 24.250 24.453 21.250 21.222 18.725 17.574 14.687 10.366 TURN(PRI
P 1 14.585 14.748 14.830 15.073 15.010 15.119 14.947 14.887 14.572 P 1
P 2 16.267 18.262 18.402 18.661 18.879 18.781 18.592 18.201 17.660 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 555.243 553.182 551.253 551.916 552.657 551.247 552.882 553.363 554.737 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 45.619 45.766 45.665 40.276 39.363 38.142 40.384 44.314 48.163 BETA 2
STATION 2A BETA 2A 1.825 2.453 1.809 1.583 2.363 3.155 4.118 4.579 4.292 BETA 2A
V 2 569.74 568.55 579.43 593.67 603.49 584.31 560.39 523.15 461.72 V 2
V 2A 419.21 414.33 409.47 448.00 477.41 480.41 437.10 421.25 418.89 V 2A
VZ 2 398.49 396.61 404.94 452.91 466.39 458.95 426.01 373.59 307.44 VZ 2
VZ 2A 419.00 413.94 409.25 447.78 476.90 479.50 435.75 419.67 417.41 VZ 2A
V-THETA 2 407.1Q 407.36 414.45 383.77 382.59 360.40 362.35 364.75 343.40 V-THETA 2
V-THETA 2A 13.35 17.73 12.93 12.37 19.66 26.43 31.37 33.61 31.33 V-THETA 2A
M 2 0.5057 0.5056 0.5167 0.5298 0.5387 0.5213 0.4981 0.4633 0.4065 N 2
N 2A 0.3674 0.3637 0.3600 0.3947 0.4212 0.4241 0.3844 0.3699 0.3672 N 2A
TURN(PR) 43.793 43.312 43.656 38.691 36.980 34.929 36.170 39.628 43.762 TURN(PR)
P 2 16.267 16.262 18.402 18.661 18.879 18.781 18.592 18.201 17.660 P 2
P 2A 16.053 18.001 17.971 18.296 16.535 18.538 18.126 18.002 17.975 P 2A
P1T 2 555.243 553.182 551.253 551.916 552.657 551.247 552.882 553.363 554.737 T 2
T 2A 556.266 554.260 552.349 !52.757 553.550 553.132 553.850 554.389 555.998 T 2AC
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101. 60
Circumferential Distortion
Station 1 (76") - Station 2 (66*) - Station 2A (55*)
RCTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 1.559 1.267 0.923 1.444 0.970 1.014 0.770 1.180 1.652 BETA 1
STATION 2 BETA 2 43.284 40.256 38.972 37.455 36.389 36.041 37.318 40.291 43.465 BETA 2
BETA(PR) 1 54.561 52.908 51.584 50.600 52.668 54.823 57.615 58.711 59.703 BETA(PR) 1
BETA(PR) 2 24.231 25.807 26.798 28.297 30.654 34.291 37.146 40.416 45.470 BETA(PR) 2
V 1 420.26 453.01 483.03 515.99 507.37 491.79 459.70 443.27 427.99 V 1
V 2 595.94 601.61 604.68 616.77 622.99 610.08 593.10 558.47 512.56 V 2
VZ 1 420.10 452.89 482.96 515.83 507.27 491.65 459.57 443.10 427.77 VZ 1
VZ 2 433.81 459.12 470.11 489.59 501.28 492.63 470.65 425.04 371.24 VZ 2
V-THETA 1 11.43 10.02 7.78 13.00 8.59 8.70 6.18 9.13 12.34 V-THETA 1
V-THETA 2 408.58 388.76 380.31 375.06 369.43 358.45 358.78 360.34 351.87 V-THETA 2
V(PR) 1 724.5 750.9 777.3 812.7 836.5 853.4 858.1 853.2 848.0 VIPR) 1
V(PR) 2 475.7 510.0 526.7 556.1 583.0 597.1 591.8 559.5 530.4 VIPR) 2
VTHETA PR1 -590.3 -599.0 -609.0 -628.0 -665.1 -697.6 -724.6 -729.1 -732.1 VTHETA PRI
VTHETA PRZ -195.2 -222.0 -237.4 -263.6 -297.1 -335.9 -356.5 -361.9 -377.4 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.3819 0.4126 0.4410 0.4724 0.4641 0.4493 0.4189 0.4034 0.3891 M 1
M 2 0.5288 0.5352 0.5391 0.5498 0.5552 0.5448 0.5269 0.4943 0.4516 N 2
M(PR) 1 0.6583 0.6840 0.7096 0.7440 0.7652 0.7797 0.7820 0.7766 0.7709 N(PRI 1
MIPR) 2 0.4221 0.4537 0.4696 0.4957 0.5196 0.5332 0.5257 0.4952 0.4673 M(PR) 2
TURN(PR) 30.330 27.101 24.786 22.304 22.030 20.584 20.560 19.399 14.342 TURN(PR
P 1 14.432 14.737 14.955 15.169 15.144 15.075 14.936 14.855 14.789 P 1
P 2 18.709 18.782 18.816 19.018 19.191 19.169 19.040 18.657 18.217 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1I
T 2 558.061 555.905 553.939 555.346 556.274 552.824 556.623 557.200 557.925 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIASTATION 2 BETA 2 43.284 40.256 38.972 37.455 36.389 36.041 37.318 40.291 43.465 BETA 2
STATION 2A BETA 2A 1.806 2.788 2.710 2.702 1.904 2.598 3.529 3.896 3.685 BETA 2A
V 2 595.94 601.61 604.68 616.77 622.99 610.08 593.10 558.47 512.56 V 2
V 2A 442.34 448.07 443.28 492.18 529.67 533.53 493.15 469.48 455.33 V 2A
VZ 2 433.81 459.12 470.11 489.59 501.28 492.63 470.65 425.04 371.24 VZ 2
VZ 2A 442.12 447.53 442.76 491.58 529.26 532.78 491.96 468.13 454.07 VZ 2AV-THETA 2 408.58 388.76 380.31 375.06 369.43 358.45 358.78 360.34 351.87 V-THETA 2
V-THETA 2A 13.94 21.79 20.96 23.20 17.59 24.17 30.34 31.88 29.24 V-THETA 2A
M 2 0.5288 0.5352 0.5391 0.5498 0.5552 0.5448 0.5269 0.4943 0.4516 N 2M 2A 0.3881 0.3940 0.3904 0.4345 0.4686 0.4736 0.4349 0.4131 0.3999 M 2A
TURN(PR) 41.477 37.467 36.262 34.751 34.466 33.386 33.695 36.289 39.670 TURN(PR)P 2 16.709 18.782 18.816 19.018 19.191 19.169 19.040 18.657 16.217 P 2
P 2A 18.242 16.284 18.252 18.681 19.036 19.053 18.577 18.362 18.218 P 2A
T 2 558.061 555.905 553.939 555.346 556.274 552.824 556.623 557.200 557.925 T 2
T 2A 556.977 554.856 552.895 554.124 554.974 551.753 555.228 555.797 556.620 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98. 91 Equivalent Rotor Speed = 4163. 97 Equivalent Weight Flow = 101. 60
Circumferential Distortion
Station 1 (106*) - Station 2 (960) - Station 2A (850)
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 2.377 2.508 2.257 0.735 1.316 1.103 1.918 1.494 2.599 BETA 1
STATION 2 bE7A 2 33.791 35.014 38.410 36.395 35.728 35.378 36.460 39.314 42.601 BETA 2
BETA(PR) 1 55.231 52.759 52.323 53.103 53.496 56.002 59.697 61.874 67.011 8ETAIPR) 1
BETA(PR) 2 28.321 27.617 25.393 26.844 29.115 32.600 35.764 40.552 45.364 BETAIPR) 2
V 1 406.38 448.48 462.59 476.66 490.39 470.39 419.20 389.36 310.22 V 1
V 2 601.40 609.42 621.96 638.22 643.62 631.92 610.90 558.78 513.79 V 2
VZ 1 406.02 448.04 462.23 476.62 490.24 470.24 418.88 389.17 309.87 VZ 1
VZ 2 499.80 499.11 487.36 513.70 522.25 514.52 490.23 431.33 377.39 VZ 2V-THETA 1 16.85 19.62 18.22 6.11 11.26 9.05 14.03 10.15 14.07 V-THETA 1
V-THETA 2 334.47 349.66 386.41 378.67 375.66 365.35 362.22 353.21 347.04 V-THETA 2
V(PR) 1 712.0 740.4 756.3 793.9 824.1 841.0 830.2 825.6 793.4 VIPRI 1
V(PR) 2 567.8 563.3 539.5 575.8 598.1 611.6 605.5 568.9 538.2 VIPRI 2
VTHETA PRI -584.9 -589.4 -598.6 -634.9 -662.4 -697.2 -716.7 -728.1 -730.4 VTHETA PRIVTHETA PR2 -269.3 -261.1 -231.3 -260.0 -290.9 -329.0 -353.1 -369.1 -382.2 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2M 1 0.3689 0.4083 0.4216 0.4349 0.4480 0.4290 0.3809 0.3531 0.2800 N 1
M 2 0.5339 0.5426 0.5555 0.5705 0.5750 0.5644 0.5437 0.4947 0.4526 N 2
M(PR) 1 0.6463 0.6741 0.6893 0.7244 0.7528 0.7670 0.7543 0.7486 0.7162 N(PR) 1
M(PR) 2 0.5040 0.5015 0.4818 0.5147 0.5344 0.5463 0.5389 0.5037 0.4741 M(PR) 2
TURN(PR) 26.910 25.142 26.930 26.261 24.397 23.453 24.022 21.427 21.757 TURN(PR)
P 1 14.488 14.770 14.868 14.955 15.123 15.008 14.736 14.595 14.251 P 1P 2 18.792 18.951 19.129 19.356 19.510 19.478 19.280 18.683 18.241 P 2
T 1 516.699 518.699 518.b99 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 553.146 555.902 553.893 554.717 555.830 554.864 556.509 556.909 558.223 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPANDIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 33.791 35.014 38.410 36.395 35.728 35.378 36.460 39.314 42.601 BETA 2STATION 2A BETA 2A 2.203 2.636 2.555 2.362 2.094 2.504 3.296 4.082 4.012 BETA 2A
V 2 601.40 609.42 621.96 638.22 643.62 631.92 610.90 558.78 513.79 V 2
V 2A 464.51 465.53 463.92 511.26 536.66 542.48 489.67 469.86 459.22 V 2A
VZ 2 499.80 499.11 487.36 513.70 522.25 514.52 490.23 431.33 377.39 VZ 2VZ 2A 464.17 46%.03 463.44 510.77 536.19 541.76 488.61 468.40 457.77 VZ 2AV-THETA 2 334.47 349.66 386.41 378.67 375.66 365.35 362.22 353.21 347.04 V-THETA 2
V-TH9TA ZA 17.86 21.41 20.68 21.07 19.60 23.69 28.14 33.43 32.11 V-THETA 2A
M 2 0.5339 0.5426 0.5555 0.5705 0.5750 0.5644 0.5437 0.4947 0.4526 N 2
M 2A 0.4077 0.4095 0.4088 0.4517 0.4747 0.4801 0.4312 0.4130 0.4028 M 2A
TURN(PR) 31.5b7 32.377 35.855 34.031 33.615 32.818 33.071 35.127 38.480 TURNIPRI
P 2 18.792 18.951 19.129 19.356 19.510 19.478 19.280 18.683 18.241 P 2
P 2A 18.478 18.476 18.460 18.908 19.162 19.179 18.582 18.397 18.294 P 2A
T 2 558.146 555.902 553.b93 554.717 555.830 554.864 556.509 556.909 558.223 T 2T 2A 556.029 5s5.805 553.890 554.849 555.858 555.731 556.615 556.895 556.539 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (136°) - Station 2 (126') - Station 2A (115')
ROTOR D PCT SPAN 94.99 00.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 2.607 1.874 1.097 0.806 0.970 1.148 1.363 1.629 1.035 BETA 1
STATION 2 BETA 2 42.805 40.134 38.975 37.498 36.518 35.876 37.673 39.963 43.753 BETA 2
BETA(PR) 1 52.489 51.418 51.128 50.663 52.293 53.427 57.153 58.051 59.677 BETA(PR) 1
BETA(PR) 2 24.760 26.107 27.803 29.325 30.624 34.597 36.563 41.537 45.157 BETA(PR) 2
V 1 446.76 473.76 489.71 519.39 514.19 516.50 464.87 452.61 430.98 V 1
V 2 593.22 5Q9.27 594.61 605.72 622.72 607.32 598.29 547.88 515.40 V 2
VZ 1 446.29 473.50 489.62 519.33 514.09 516.32 464.65 452.35 430.87 VZ 1
VZ k 435.22 458.15 462.26 480.54 500.23 491.42 472.53 418.98 371.52 VZ 2
V-THETA 1 20.32 15.49 9.38 7.31 8.70 10.35 11.06 12.86 7.76 V-THETA 1
V-THETA 2 403.09 386.27 374.00 368.70 370.40 355.42 364.86 351.11 355.69 V-THETA 2
V(PR) 1 732.9 759.3 780.2 819.3 840.6 866.6 856.7 854.9 853.5 V(PR) 1
V(PR) 2 479.3 510.2 522.6 551.2 581.6 597.8 589.6 561.0 527.9 VIPR) 2
VTHETA PRI -581.4 -593.5 -607.4 -633.7 -665.0 -695.9 -719.7 -725.3 -736.7 VTHETA PRI
VTHETA PR2 -200.7 -224.5 -243.8 -269.9 -296.1 -339.0 -350.5 -371.2 -373.6 VTHETA PRZ
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.4067 0.4322 0.4473 0.4756 0.4706 0.4729 0.4238 0.4122 0.3919 N 1
M 2 0.5257 0.5324 0.5290 0.5390 0.5543 0.5416 0.5311 0.4838 0.4537 M 2
n(PR) 1 0.6673 0.6927 0.7126 0.7503 0.7694 0.7933 0.7810 0.7786 0.7761 "(PR) 1
M(PR) 2 0.4247 0.4533 0.4650 0.4905 0.5178 0.5332 0.5234 0.4954 0.4647 N(PR) 2
TURN(PR) 27.729 25.312 23.325 21.340 21.686 18.882 20.680 16.616 14.631 TURN(PR)
P 1 14.583 14.831 14.965 15.197 15.104 15.186 14.875 14.820 14.687 P 1
P 2 18.733 18.862 18.622 18.974 19.282 19.221 19.181 18.613 18.312 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 559.249 557.171 555.115 555.993 557.393 553.944 557.931 558.582 559.066 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
UIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 42.605 40.134 38.975 37.498 36.518 35.876 37.673 39.963 43.753 BETA 2
STATION 2A BETA 2A 2.511 2.537 2.426 2.042 2.217 2.502 3.161 4.216 4.162 BETA 2A
V 2 593.22 599.27 594.61 605.72 622.72 607.32 598.29 547.88 515.40 V 2
V 2A 459.78 467.24 459.87 502.91 538.08 541.77 499.92 477.25 464.55 V 2A
VZ 2 435.22 458.15 462.26 480.54 500.23 491.42 472.53 418.98 371.52 V1 2
VZ 2A 459.33 +66.77 459.44 502.54 537.56 541.05 498.91 475.69 463.00 VZ 2A
V-THETA 2 403.09 386.27 374.00 368.70 370.40 355.42 364.86 351.11 355.69 V-THETA 2
V-THETA 2A 20.14 20.68 19.46 17.92 20.81 23.64 27.55 35.07 33.69 V-THETA 2A
M 2 0.5257 0.5324 0.5290 0.5390 0.5543 0.5416 0.5311 0.4838 0.4537 N 2
M 2A 0.4032 0.4108 0.4049 0.4439 0.4757 0.4805 0.4404 0.4195 0.4077 N 2A
TURN(PR) 40.293 37.596 36.549 35.454 34.282 33.317 34.418 35.641 39.482 TURN(PR)
P 2 18.733 18.862 18.822 18.974 19.282 19.221 19.181 18.613 18.312 P 2
P 2A 18.447 18.495 18.433 18.817 19.168 19.187 18.699 18.482 18.354 P 2A
T 2 559.249 557.171 555.115 555.993 557.393 553.944 557.931 558.582 559.066 T 2
T 2A 558.692 556.505 554.392 555.180 556.484 553.435 556.995 557.629 558.230 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (166*) - Station 2 (156 ) - Station 2A (145 )
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 1.876 2.032 2.014 2.231 2.062 2.431 2.140 2.326 3.044 BETA 1
STATION 2 BETA 2 - 42.182 40.194 39.283 36.901 35.854 35.275 37.026 39.779 44.297 BETA 2
BETA(PR) 1 55.600 53.447 52.546 53.195 55.744 56.876 60.548 62.224 66.865 BETA(PR) 1
BETA(PR) 2 25.977 26.800 28.034 28.515 30.250 34.550 38.715 41.411 46.043 BETA(PR) 2
V 1 403.19 440.24 460.38 466.36 448.13 448.86 404.47 381.05 311.49 V 1
V 2 584.80 592.29 590.99 617.15 630.04 610.17 577.15 549.41 507.22 V 2
VZ 1 402.97 439.95 460.09 466.01 447.82 448.40 404.12 380.67 311.02 VZ 1
VZ 2 433.34 452.42 457.44 493.49 510.42 497.44 459.76 421.27 362.30 VZ Z
V-THETA 1 13.20 15.61 16.18 18.15 16.12 19.04 15.10 15.46 16.54 V-THETA 1
V-THETA 2 392.68 382.24 374.18 370.54 368.85 351.88 346.78 350.73 353.52 V-THETA 2
V(PR) 1 713.3 738.7 756.6 777.9 795.6 820.6 821.9 816.9 791.6 VIPRI 1
V(PR) 2 482.1 506.9 518.2 561.7 591.2 604.8 590.5 562.9 522.9 V(PR) 2
VTHETA PRI -588.5 -593.4 -600.6 -622.8 -657.6 -687.2 -715.7 -722.8 -727.9 VTHETA PRI
VTHETA PR2 -211.1 -228.5 -243.6 -268.1 -297.7 -342.5 -368.5 -371.6 -375.7 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
n 1 0.3659 0.4006 0.4196 0.4252 0.4080 0.4087 0.3671 0.3453 0.2812 N 1
M 2 0.5170 0.5249 0.5245 0.5485 0.5600 0.5418 0.5099 0.4841 0.4447 M 2
M(PR) 1 0.6474 0.6722 0.6895 0.7092 0.7244 0.7472 0.7460 0.7404 0.7146 MIPR) I
M(PR) 2 0.4262 0.4492 0.4599 0.4992 0.5254 0.5371 0.5217 0.4960 0.4585 nMPR) 2
TURN(PR) 29.623 26.647 24.512 24.682 25.511 22.380 21.924 20.918 20.932 TURN(PRI
P 1 14.542 14.799 14.940 14.947 14.821 14.931 14.728 14.630 14.316 P 1
P 2 18.657 18.735 18.727 19.096 19.343 19.242 18.940 18.641 18.251 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 560.692 559.134 557.394 558.468 559.811 558.723 560.894 561.204 562.730 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 GETA 2 42.182 40.194 39.283 36.901 35.854 35.275 37.026 39.779 44.297 BETA 2
STATION 2A BETA 2A 2.503 2.671 2.605 2.117 2.012 2.597 3.174 4.032 3.693 BETA 2A
V 2 564.80 592.29 590.99 617.15 630.04 610.17 577.15 549.41 507.22 V 2
V 2A 474.79 473.18 476.16 528.17 560.95 569.22 512.88 491.02 479.TO V 2A
VZ 2 433.34 452.42 457.44 493.49 510.42 497.44 459.76 421.27 362.30 VZ 2
VZ 2A 474.34 472.66 475.65 527.76 560.48 568.43 511.83 489.53 478.36 VZ 2A
V-THETA 2 392.68 382.24 374.18 370.54 368.85 351.88 346.78 350.73 353.52 V-THETA 2
V-THETA 2A 20.73 22.05 21.64 19.51 19.69 25.78 28.38 34.51 30.88 V-THETA 2A
M 2 0.5170 0.5240 0.5245 0.5485 0.5600 0.5418 0.5099 0.4841 0.4447 n 2
M 2A 0.4159 0.4151 0.4183 0.4653 0.4949 0.5026 0.4502 0.4302 0.4193 n 2A
TURN(PR) 39.678 37.522 36.678 34.782 33.823 32.622 33.758 35.641 40.494 TURNIPRI
P 2 18.657 18.735 18.727 19.096 19.343 19.242 18.940 18.641 18.251 P 2
P 2A 18.601 1.f8G 18.611 19.105 19.435 19.513 18.845 18.625 18.507 P 2A
T 2 560.892 5 .134 557.394 !58.468 559.811 558.723 560.894 561.204 562.730 T 2
ST 2A 561.C49 559.443 557.971 559.373 560.857 560.729 562.020 562.151 563.854 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (196o) - Station 2 (1860) - Station 2A (175 ° )
ROTOR 0 PCT SPAN 94.99 90.00 6b.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
JIA 33.234 33.o17 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 2.479 2.457 1.650 2.038 3.647 2.212 2.326 1.846 2.507 BETA 1
STATION 2 BETA 2 42.873 40.600 39.763 38.584 37.085 35.956 37.509 40.768 43.823 BETA 2
EETA(PR) 1 51.343 49.876 50.566 50.389 51.378 54.096 55.953 57.538 59.468 BETAIPR) 1
BETA(PR) 2 24.274 26.131 27.493 29.407 30.420 33.793 37.539 39.496 45.016 BETA(PR) 2
V 1 465.65 495.83 494.38 515.62 513.22 497.84 481.08 460.49 428.47 V 1
V 2 597.34 596.91 594.20 600.13 622.39 615.95 588.36 566.75 516.69 V 2
VZ 1 465.21 495.36 494.12 515.29 512.16 497.40 480.60 460.17 428.02 VZ 1
VZ 2 437.76 453.21 456.76 469.09 496.28 497.90 465.71 428.29 372.02 VZ 2
V-THETA 1 20.14 21.26 15.96 18.34 32.64 19.21 19.52 14.83 18.74 V-THETA 1
V-THETA 2 406.41 388.45 380.06 374.26 375.13 361.16 357.47 369.28 357.04 V-THETA 2
V(PR) 1 744.7 768.7 777.9 808.2 820.5 848.2 858.4 857.4 842.6 VIPR) 1
V(PR) 2 480.2 504.8 514.9 538.5 575.8 600.0 588.6 556.3 527.3 V(PR) 2
VTHETA PR1 -581.6 -587.8 -600.8 -622.6 -641.1 -687.0 -711.2 -723.4 -725.7 VTHETA PRI
VTHETA PR2 -197.4 -222.3 -237.7 -264.4 -291.4 -333.2 -357.9 -353.0 -372.2 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.76 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.*245 0.4531 0.4518 0.4720 0.4697 0.4551 0.4391 0.4197 0.3896 M 1
M 2 0.5300 0.5307 0.5293 0.5347 0.5552 0.5512 0.5228 0.5022 0.4556 M 2
M(PR) 1 0.6790 G.7025 0.7108 0.7399 0.7510 0.7753 0.7836 0.7814 0.7660 M(PR) 1
M(PR) 2 0.4261 0.4488 0.4587 0.4798 0.5137 0.5369 0.5230 0.4930 0.4650 n(PR) 2
TURN(PR) 27.070 23.745 23.073 20.984 20.974 20.355 18.504 18.146 14.563 TURN(PRI
P 1 14.873 15.093 15.087 15.227 15.173 15.153 15.104 14.961 14.810 P 1
P 2 16.795 18.815 18.804 18.915 19.269 19.352 19.082 18.841 18.339 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 558.358 556.082 553.772 554.169 555.165 551.279 555.795 556.645 557.333 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 42.873 40.600 39.763 38.584 37.085 35.956 37.509 40.768 43.823 BETA 2
STATION 2A BETA 2A 2.549 2.909 2.892 2.226 1.696 2.675 3.370 4.060 3.570 BETA 2A
V 2 597.34 596.91 594.20 600.13 622.39 615.95 588.36 566.75 516.69 V 2
V 2A 451.19 453.15 448.65 491.42 534.08 537.20 502.46 480.04 463.50 V 2A
VZ 2 437.76 453.21 456.76 469.09 496.28 497.90 465.71 428.29 372.02 VZ 2
VZ 2A 450.74 452.56 448.06 491.00 533.67 536.42 501.33 478.56 462.27 VZ 2A
V-THETA 2 406.41 3688.45 380.06 374.26 375.13 361.16 357.47 369.28 357.04 V-THETA 2
V-THETA 2A 20.07 23.00 22.64 19.09 17.67 25.06 29.52 33.97 28.84 V-THETA ZA
M 2 0.5300 0.5307 0.5293 0.5347 0.5552 0.5512 0.5228 0.5022 0.4556 N 2
M 2A 0.3951 0.3977 0.3944 0.4332 0.4719 0.4763 0.4425 0.4218 0.4064 M 2A
TURN(PR) 40.323 37.690 36.871 36.356 35.170 33.224 34.045 36.602 40.143 TURNIPR)
P 2 18.795 18.815 18.804 18.915 19.269 19.352 19.082 18.841 18.339 P 2
P 2A 18.490 18.505 18.467 16.826 19.230 19.241 18.813 18.590 18.422 P 2A
T 2 55u.358 556.082 553.772 554.169 555.165 551.279 555.795 556.645 557.333 T 2
T 2A 559.546 557.400 555.143 555.614 556.692 553.297 557.455 558.190 559.091 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (226") - Station 2 (216") - Station 2A (205')
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.154 40.138 DIA
STATION 1 BETA 1 -0.849 0.956 3.878 3.933 3.708 2.607 3.214 4.585 5.917 BETA 1
STATION 2 BETA 2 42.027 40.395 40.209 38.470 37.088 35.951 37.925 40.872 44.102 BETA 2
BETA(PR) 1 56.362 53.956 51.848 51.492 54.199 56.263 58.745 60.820 61.799 BETAI(PR 1
BETA(PR) 2 25.922 26.911 27.374 28.034 31.220 35.100 38.495 43.052 47.411 BETAPR) 2
V 1 404.40 437.90 461.08 484.69 465.20 458.28 429.67 395.90 380.25 V I
V 2 585.94 590.35 593.43 614.71 613.72 601.50 577.19 531.94 494.69 V 2
VZ 1 404.34 437.84 460.02 483.55 464.20 457.75 428.91 394.57 378.18 VZ 1
VZ 2 435.25 449.60 453.20 481.26 489.34 486.25 454.32 401.36 354.52 VZ 2
V-THETA 1 -5.99 7.31 31.18 33.24 30.08 20.84 24.09 31.64 39.19 V-THETA I
V-THETA 2 392.27 382.57 383.10 382.40 369.93 352.65 354.00 347.32 343.58 V-THETA 2
V(PR) 1 729.9 744.2 744.7 776.6 793.6 824.2 826.7 809.3 800.3 VIPR) 1
VIPR) 2 483.9 504.2 510.3 545.3 572.5 595.2 581.7 550.4 S24.8 VIPRI 2
VTHETA PRI -607.7 -601.7 -585.6 -607.7 -643.6 -685.4 -706.7 -706.6 -705.3 VTHETA PR1
VTHETA PR2 -211.5 -228.2 -234.7 -256.3 -296.6 -341.7 -361.3 -375.0 -385.7 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.3671 0.3984 0.4202 0.4426 0.4241 0.4176 0.3907 0.3592 0.3446 N 1
M 2 0.5203 0.5254 0.5289 0.5482 0.5468 0.5353 0.5122 0.4700 0.4353 M 2
M(PR) 1 0.6625 0.6770 0.6787 0.7091 0.7235 0.7510 0.7517 0.7342 0.7253 M(PR) 1
M(PR) 2 0.4297 0.4487 0.4549 0.4863 0.5101 0.5297 0.5162 0.4863 0.4616 M(PRI 2
TURN(PRI 30.440 27.047 24.474 23.460 22.996 21.216 20.341 17.873 14.498 TURN(PR)
P 1 14.590 14.838 15.008 15.161 15.056 15.062 14.934 14.766 14.757 P 1
P 2 18.666 18.769 18.830 19.136 19.191 19.149 18.957 18.459 18.125 P 2
T 1 518.699 518.699 518.699 518.69Q 518.699 518.699 518.699 518.699 518.699 T 1
T 2 556.290 554.396 553.143 554.606 555.605 555.566 556.193 556.606 557.892 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 42.027 40.395 40.209 38.470 37.088 35.951 37.925 40.872 44.102 BETA 2
STATION 2A BETA 2A 2.801 3.353 3.383 2.333 2.035 2.674 3.994 4.729 4.493 BETA 2A
V 2 585.94 590.35 593.43 614.71 613.72 601.50 577.19 531.94 494.69 V 2
V 2A 451.00 448.59 451.17 500.98 519.16 527.96 479.10 460.80 447.77 V 2A
VZ 2 435.25 449.60 453.20 481.26 489.34 486.25 454.32 401.36 354.52 VZ 2
VZ 2A 450.46 447.82 450.37 500.51 518.71 527.19 477.70 458.97 446.07 VZ 2A
V-THETA 2 392.27 382.57 363.10 382.40 369.93 352.65 354.00 347.32 343.58 V-THETA 2
V-THETA 2A 22.04 26.24 26.62 20.39 18.43 24.62 33.35 37.97 35.05 V-THETA 2A
M 2 0.5203 0.5254 0.5289 0.5482 0.5468 0.5353 0.5122 0.4700 0.4353 M 2
n 2A 0.3965 0.3951 0.3979 0.4428 0.4591 0.4674 0.4220 0.4052 0.3930 N 2A
TURN(PR) 39.225 37.041 36.826 36.135 35.034 33.220 33.837 36.037 39.500 TURN(PR)
P 2 18.666 18.769 18.830 19.136 19.191 19.149 18.957 18.459 18.125 P 2
P 2A 18.501 16.482 18.506 18.949 19.093 19.126 18.589 18.416 16.302 P 2A
T 2 556.290 554.396 F53.143 554.606 555.605 555.566 556.193 556.606 557.892 T 2
T 2A 555.195 553.198 551.943 553.469 554.656 554.121 555.417 555.798 557.002 T 2AI-A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (2560) - Station 2 (246*) - Station 2A (2350)
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION I BETA 1 4.037 3.605 3.466 3.101 3.761 2.545 2.544 2.289 3.193 BETA 1
STATION 2 BETA 2 42.466 42.528 42.793 40.682 39.941 38.764 41.930 44.719 50.036 BETA 2
BETA(PR) 1 52.865 52.514 52.674 53.577 54.334 57.618 60.210 62.167 64.422 BETA(PR) 1
8ETA(PR) 2 24.938 25.580 25.550 30.372 31.808 34.783 39.477 42.973 47.433 BETA(PR) 2
V 1 433.61 446.45 450.36 455.44 462.73 436.11 408.44 382.07 347.65 V 1
V 2 592.98 593.73 599.68 582.59 596.68 595.43 559.48 529.93 498.34 V 2
VZ 1 432.53 445.56 449.54 454.78 461.71 435.62 407.96 381.71 347.07 VZ 1
VZ 2 437.28 437.54 440.05 441.78 457.29 463.68 415.44 375.82 319.57 VZ 2
V-THETA 1 30.53 28.07 27.23 24.64 30.35 19.36 18.13 15.26 19.36 V-THETA 1
V-THETA 2 400.49 401.33 407.39 379.75 382.91 372.33 373.14 372.15 381.33 V-THETA 2
V(PR) 1 716.5 732.1 741.4 766.0 791.9 813.4 821.2 817.6 803.9 V(PR) 1
V(PR) 2 482.3 465.1 487.7 512.1 538.4 565.4 539.3 514.7 473.3 V(PR) 2
VTHETA PRI -571.2 -580.9 -589.5 -616.3 -643.3 -686.9 -712.6 -723.0 -725.1 VTHETA PRI
VTHETA PR2 -203.3 -209.4 -210.4 -258.9 -283.6 -322.1 -342.2 -350.1 -347.9 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.3944 0.4064 0.4101 0.4149 0.4218 0.3967 0.3708 0.3463 0.3144 n 1
M 2 0.5251 0.5265 0.5328 0.5162 0.5292 0.5280 0.4940 0.4664 0.4369 M 2
M(PRI 1 0.6516 0.6665 0.6751 0.6978 0.7218 0.7399 0.7456 0.7410 0.7271 N(PR) 1
M(PR) 2 0.4270 0.4302 0.4334 0.4538 0.4775 0.5013 0.4762 0.4530 0.4149 M(PR) 2
TURN(PR) 27.928 26.934 27.124 23.207 22.543 22.888 20.826 19.299 17.099 TURN(PR)
P 1 14.955 15.146 15.156 15.195 15.237 15.142 15.061 14.913 14.719 P 1
P 2 18.902 18.949 19.046 18.858 19.043 19.097 18.730 18.407 18.140 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 560.012 558.461 557.065 558.197 558.616 558.735 559.793 560.686 562.123 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
UIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 42.486 42.528 42.793 40.682 39.941 38.764 41.930 44.719 50.036 BETA 2
STATION 2A BETA 2A 2.947 3.531 3.601 2.470 2.492 2.750 3.900 4.301 4.047 BETA 2A
V 2 592.98 593.73 599.68 582.59 596.68 595.43 559.48 529.93 498.34 V 2
V 2A 490.02 485.62 481.73 518.77 532.40 536.79 494.15 472.58 463.83 V 2A
VZ 2 437.28 437.54 440.05 441.78 457.29 463.68 415.44 375.82 319.57 VZ 2
VZ 2A 489.37 464.68 4680.76 518.23 531.78 535.97 492.76 470.98 462.34 VZ 2A
V-THETA 2 400.49 401.33 407.39 379.75 382.91 372.33 373.14 372.15 381.33 V-THETA 2
V-THETA 2A 25.19 29.91 30.26 22.35 23.14 25.74 33.59 35.42 32.71 V-THETA 2A
M 2 0.5251 0.5265 0.5328 0.5162 0.5292 0.5280 0.4940 0.4664 0.4369 M 2
M 2A 0.4305 0.4272 0.4242 0.4577 0.4700 0.4740 0.4346 0.4147 0.4063 M 2A
TURNIPR) 39.538 38.996 39.192 38.210 37.429 35.956 37.934 40.311 45.881 TURN(PR)
P 2 18.902 18.949 19.046 18.858 19.043 19.097 18.730 18.407 18.140 P 2
P 2A 18.795 18.760 18.730 19.071 19.187 19.183 18.708 18.507 18.417 P 2A
T 2 560.012 558.461 557.065 558.197 558.616 558.735 559.793 560.686 562.123 T 2
T 2A 559.053 557.347 555.913 557.058 557.647 557.680 558.310 558.997 560.347 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98. 91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101. 60
Circumferential Distortion
Station 1 (286*) - Station 2 (276 ) - Station 2A (265 0)
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -2.615 -2.618 -2.747 -1.794 -2.135 -1.781 -0.500 -2.050 -2.305 BETA 1
STATION 2 BETA 2 39.673 39.740 39.643 40.743 42.781 43.609 47.672 51.266 55.560 BETA 2
BETA(PR) 1 55.862 54.459 55.301 56.429 58.763 61.032 64.133 66.946 69.880 BETA(PRI 1
BETA(PR) 2 26.312 25.956 26.251 28.644 33.251 38.469 43.777 46.533 50.665 BETAPR) 2
V 1 421.45 450.23 442.25 434.63 418.36 398.06 355.91 319.30 277.07 V 1
V 2 592.56 602.58 606.98 598.85 574.60 549.52 517.47 502.27 482.03 V 2
Vz 1 421.00 449.76 441.73 434.42 418.05 397.82 355.83 319.04 276.82 YZ 1
VZ 2 456.09 463.35 467.39 453.70 421.57 397.45 347.90 313.80 272.26 VZ 2
V-THETA 1 -19.23 -20.57 -21.19 -13.61 -15.58 -12.37 -3.11 -11.42 -11.14 V-THETA 1
V-THETA 2 378.29 385.23 387.25 390.83 390.12 378.60 381.96 391.21 397.04 V-THETA 2
V(PR) 1 750.2 773.7 776.0 785.6 806.2 821.4 815.6 814.7 804.7 V(PR) 1
V(Pk) 2 508.8 515.3 521.1 517.0 504.4 508.3 482.7 457.0 430.2 V(PR) 2
VTHETA PR1 -620.9 -629.6 -638.0 -654.6 -689.3 -718.6 -733.9 -749.6 -755.6 VTHETA PR1
VTHETA PR2 -225.5 -225.5 -230.5 -247.8 -276.4 -315.8 -333.4 -331.1 -332.2 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.3830 0.4100 0.4025 0.3953 0.3801 0.3612 0.3221 0.2884 0.2497 M 1
M 2 0.5242 0.5341 0.5386 0.5300 0.5070 0.4835 0.4527 0.4384 0.4195 N 2
M(PR) 1 0.6817 0.7046 0.7062 0.7146 0.7324 0.7453 0.7381 0.7358 0.7253 N(PR) I
M(PR) 2 0.4501 0.4566 0.4624 0.4576 0.4450 0.4473 0.4223 0.3988 0.3744 N(PR) 2
TURN(PR) 29.550 28.503 29.050 27.787 25.530 22.619 20.451 20.518 19.324 TURN(PR)
P 1 14.838 15.116 15.062 15.064 15.050 15.055 14.902 14.735 14.596 P 1
P 2 19.030 19.174 19.238 19.114 18.783 18.490 18.129 17.975 17.819 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 560.944 559.866 559.170 561.078 561.971 562.586 566.039 567.290 568.790 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
GIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 bETA 2 39.673 39.740 39.643 40.743 42.781 43.609 47.672 51.266 55.560 BETA 2
STATION 2A BETA 2A 2.805 3.048 3.160 2.715 3.648 3.013 1.970 1.070 0.045 BETA 2A
V 2 592.56 602.58 606.98 596.85 574.60 549.52 517.47 502.27 482.03 V 2
V 2A 488.05 486.00 486.20 508.80 498.92 479.41 427.46 410.86 405.36 V 2A
VZ 2 456.09 463.35 467.39 453.70 421.57 397.45 347.90 313.80 272.26 VZ 2
VZ 2A 487.46 465.31 485.44 508.18 497.80 478.57 426.99 410.55 405.07 VZ 2A
V-THFTA 2 376.29 385.23 307.25 390.83 390.12 378.60 381.96 391.21 397.04 V-THETA 2
V-THETA 2A 23.88 25.64 26.80 24.10 31.74 25.19 14.69 7.67 0.32 V-THETA 2A
M 2 0.5242 0.5341 0.5386 0.5300 0.5070 0.4835 0.4527 0.4384 0.4195 M 2
M 2A 0.4291 0.4276 0.4280 0.4479 0.4386 0.4205 0.3726 0.3573 0.3518 N 2A
TURN(PR) 3h.867 36.691 36.483 38.026 39.113 40.537 45.604 50.089 55.410 TURN(PR)
P 2 19.030 19.174 19.238 19.114 18.783 18.490 18.129 17.975 17.819 P 2
P 2A 18.816 18.788 16.782 18.965 16.828 18.583 18.110 17.989 17.941 P 2A
T 2 560.944 559.666 !59.17C 561.078 561.971 562.586 566.039 567.290 568.790 T 2
T 2A 556.248 557.152 556.579 558.584 559.066 560.009 562.984 564.299 566.148 T 2A
-
Table A-8. Blade Element Performance (Con':inued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow - 101. (;)
Circumferential Distortion
Station 1 (316 ) - Station 2 (306') - Station 2A (295 0)
RCTCR 0 PCT SPAN 94.99 90.0C 64.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -12.470 -12.460 -12.290 -12.968 -13.118 -14.160 -13.707 -14.179 -15.059 BETA 1
STATION 2 bETA 2 45.464 51.311 52.E35 51.414 53.223 49.248 53.740 57.716 62.902 BETA 2
BETA(PR) 1 67.697 66.551 65.652 66.464 68.376 69.919 71.651 73.464 75.449 BETAI(PR 1
.BETA(PR) 2 28.209 28.591 34.694 36.432 37.082 36.034 44.292 49.318 53.088 BETA(PRI 2
V 1 27b.01 299.22 313.63 318.43 302.11 293.37 271.48 244.44 215.16 V 1
V 2 554.47 544.75 506.40 514.21 531.88 563.95 517.72 492.97 487.66 V 2
VZ 1 271.45 292.17 306.44 310.31 294.21 284.42 263.70 236.95 207.75 VZ 1
VZ 2 388.88 340.51 307.13 320.70 318.35 367.81 305.83 263.01 221.95 VZ 2
V-THETA 1 -60.03 -64.56 -66.76 -71.46 -68.56 -71.76 -64.32 -59.87 -55.90 V-THETA I
V-THETA 2 395.23 425.20 405.14 401.93 425.91 426.83 416.95 416.30 433.77 V-THETA 2
V(PR) 1 715.3 734.2 749.1 777.1 798.4 828.4 837.7 832.5 826.9 V(PR) 1
V(PR) 2 441.3 387.8 373.5 398.6 399.2 455.5 428.0 404.1 370.1 VIPR) 2
VTHETA PRI -661.7 -673.6 -683.5 -712.4 -742.3 -778.0 -795.1 -798.1 -800.4 VTHETA PRI
VTHETA PR2 -208.6 -185.6 -212.6 -236.7 -240.6 -267.6 -298.4 -306.0 -295.5 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.2506 0.2700 0.2832 0.2876 0.2726 0.2646 0.2446 0.2200 0.1934 M 1
n 2 0.4651 0.4767 0.4441 0.4491 0.4645 0.4940 0.4506 0.4279 0.4229 n 2
MJPR) 1 0.6447 0.6624 0.6763 0.7018 C.7205 0.7472 0.7548 0.7493 0.7434 M(PR) 1
M(PR) 2 0.3860 0.3393 0.3263 0.3481 0.3487 0.3990 0.3725 0.3508 0.3210 NMPR) 2
TURN(PR) 39.488 37.961 31.159 30.034 31.315 33.940 27.455 24.252 22.468 TURNIPR)
P 1 13.630 13.815 13.831 13.806 13.768 13.780 13.790 13.761 13.675 P 1
P 2 18.407 18.303 17.953 18.027 18.238 18.618 18.050 17.823 17.809 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 569.362 568.171 566.809 567.612 569.061 568.732 571.756 572.490 573.048 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 45.464 51.311 52.835 51.414 53.223 49.248 53.740 57.716 62.902 BETA 2
STATION 2A BETA 2A 2.596 2.540 2.439 2.429 4.337 3.328 1.098 -0.415 -1.863 BETA 2A
V 2 554.47 544.75 508.40 514.21 531.88 563.95 517.72 492.97 487.66 V 2
V 2A 414.74 410.22 404.74 418.27 429.65 412.89 379.14 362.11 363.90 V 2A
VZ 2 388.88 340.51 307.13 320.70 318.35 367.81 305.83 263.01 221.95 VZ 2
VZ 2A 414.32 409.8C 404.36 417.85 428.32 412.04 378.88 361.89 363.44 VZ 2A
V-THETA 2 395.23 425.20 405.14 401.93 425.91 426.83 416.95 416.30 433.77 V-THETA 2
V-THETA 2A 18.78 18.18 17.22 17.72 32.48 23.96 7.26 -2.62 -11.82 V-THETA 2A
M 2 0.4851 0.4767 0.4441 0.4491 0.4645 0.4940 0.4506 0.4279 0.4229 M 2
M 2A 0.3600 0.3563 0.3518 0.3634 0.3731 0.3582 0.3273 0.3120 0.3134 M 2A
TURN(PR) 42.867 48.770 50.396 48.983 48.867 45.861 52.548 58.032 64.672 TURN(PRI
P 2 18.407 18.303 17.953 18.027 18.238 18.618 18.050 17.823 17.809 P 2
P 2A 18.110 18.058 18.020 18.101 18.154 18.002 17.763 17.656 17.656 P 2A
T 2 569.362 566.171 566.809 567.612 569.061 568.732 571.756 572.490 573.048 T 2
T 2A 566.755 565.594 564.433 565.717 567.163 567.032 570.488 571.432 572.219 T ZA
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 98.91 Equivalent Rotor Speed = 4163.97 Equivalent Weight Flow = 101.60
Circumferential Distortion
Station 1 (346*) - Station 2 (336") - Station 2A (3251)
ROTOR D PCT SPAN 9 .99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 32.o17 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -7.204 -6.577 -6.369 -6.946 -6.542 -7.126 -6.387 -6.678 -7.168 BETA I
STATION 2 bETA 2 53.766 54.390 54.561 50.604 47.815 46.293 47.895 50.696 54.266 BETA 2
BETA(PR) 1 63.777 61.262 60.783 61.218 61.659 62.893 64.101 65.608 68.454 BETAIPRI 1
BETAIPR) 2 24.595 28.623 38.109 39.072 32.960 38.419 44.564 47.956 48.808 BETAIPR) 2
V 1 318.58 358.85 370.20 380.17 389.89 389.29 377.63 355.98 311.76 V 1
V 2 560.57 540.15 486.60 495.84 566.76 546.92 510.91 490.03 493.72 V 2
VZ 1 316.06 356.48 367.91 377.38 387.33 386.24 375.21 353.51 309.30 VZ 1
VZ 2 331.34 314.51 282.15 314.69 380.47 377.53 342.03 309.92 287.96 VZ 2
V-THETA 1 -39.95 -41.10 -41.07 -45.98 -44.42 -48.29 -42.00. -41.39 -38.90 V-THETA 1
V-THETA 2 452.16 439.14 396.45 383.16 419.82 394.96 378.46 378.60 400.24 V-THETA 2
V(PR) 1 715.3 741.4 753.7 783.8 815.9 847.7 859.1 856.0 842.2 VIPRI I
V(PR) 2 364.4 356.3 358.6 405.4 453.7 482.5 480.9 463.6 438.0 VIPRI 2
VTHETA PR1 -641.7 -50.1 -657.8 -686.9 -718.1 -754.5 -772.8 -779.6 -783.4 VTHETA PRI
VTHETA PR2 -151.7 -171.6 -221.3 -255.5 -246.7 -299.4 -336.9 -343.7 -329.0 VTHETA PR2
U 1 601.71 609.02 616.77 640.97 673.70 706.25 730.76 738.21 744.46 U 1
U 2 603.82 610.78 617.75 638.65 666.52 694.39 715.32 722.28 729.26 U 2
M 1 0.2877 0.3248 0.3353 0.3445 0.3536 0.3530 0.3422 0.3221 0.2814 N 1
M 2 0.4900 0.4719 0.4239 0.4322 0.4967 0.4786 0.4453 0.4261 0.4291 N 2
M(PR) 1 0.6460 0.6711 0.6627 0.7103 0.7399 0.7687 0.7784 0.7747 0.7603 N(PRI 1
M(PR) 2 0.3185 0.3130 0.3123 0.3533 0.3976 0.4222 0.4191 0.4031 0.3806 N(PRI 2
TURN(PP) 39.182 32.640 22.674 22.148 28.716 24.530 19.632 17.758 19.756 TURN(PRI)
P 1 13.546 13.686 13.718 13.700 13.673 13.713 13.757 13.734 13.578 P 1
P 2 18.350 18.102 17.619 17.762 18.562 18.449 18.035 17.843 17.902 P 2
T 1 518.699 518.690 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 570.870 569.574 566.172 568.143 568.529 568.340 569.593 570.257 571.217 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 OIA
STATION 2 oETA 2 53.766 54.390 54.561 50.604 47.815 46.293 47.895 50.696 54.266 BETA 2
STATION 2A BETA 2A 2.302 2.122 1.198 0.837 3.787 3.739 3.158 2.873 1.993 BETA 2A
V 2 560.57 540.15 486.60 495.84 566.76 546.92 510.91 490.03 493.72 V 2
V 2A 379.28 375.09 367.25 382.51 413.45 415.77 377.82 369.56 372.44 V 2A
VZ 2 331.34 314.51 262.15 314.69 380.47 377.53 342.03 309.92 287.96 VZ 2
VZ 2A 378.97 374.82 367.16 382.43 412.46 414.73 377.06 368.89 371.95 VZ 2A
V-THETA 2 452.16 439.14 396.45 383.16 419.82 394.96 378.46 378.60 400.24 V-THETA 2
V-THETA 2A 15.23 13.89 7.68 5.59 27.30 27.10 20.80 18.51 12.94 V-THETA 2A
M 2 0.4900 0.4719 0.4239 0.4322 0.4967 0.4786 0.4453 0.4261 0.4291 M 2
M 2A 0.3276 0.3242 0.3177 0.3312 0.3587 0.3606 0.3267 0.3193 0.3215 N 2A
TURN(PR) 51.463 52.267 53.363 49.765 44.008 42.4Q5 44.640 47.717 52.168 TURN(PR)
P 2 16.350 1b.102 17.619 17.762 18.562 18.449 18.035 17.843 17.902 P 2
P 2A 17.786 17.74 17.701 17.779 17.985 17.991 17.722 17.673 17.685 P 2A
T 2 570.87C 569.574 568.172 568.143 568.529 568.340 569.593 570.257 571.217 T 2
T 2A 569.67Z 56b.582 567.344 567.061 567.216 567.703 568.581 568.935 569.995 T 2A
W1
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232.72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (16*) - Station 2 (60) - Station 2A (355")
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
)IA 33.234 33.617 34.001 j5.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 bETA 1 -4.794 -4.700 -4.428 -4.1b8 -3.426 -3.497 -3.650 -4.096 -4.581 BETA 1
STATION 2 bETA 2 55.144 55.313 55.327 51.322 48.987 47.769 51.343 55.065 60.400 BETA 2
BETA(PR) 1 63.980 6L.299 61.511 61.933 62.264 63.965 64.715 65.897 67.466 BETAIPR) 1
BEETA(PR) 2 19.125 15.166 25.516 36.250 33.075 36.763 42.331 46.306 48.191 BETA(PR) 2
V 1 312.*4 340.84 356.24 362.50 372.48 362.20 363.30 347.79 325.85 V 1
V 2 602.48 635.79 574.03 524.02 573.41 568.58 539.38 518.00 521.89 V 2
VZ 1 311.34 339.69 355.18 361.53 371.79 361.48 362.41 346.84 324.78 VZ 1
VZ 2 344.32 361.62 326.56 a27.47 376.17 381.65 336.47 296.26 257.54 VZ 2
V-THETA 1 -26.11 -27.93 -27.50 -26.47 -22.26 -22.09 -24.39 -24.85 -26.02 V-THETA 1
V-THETA 2 494.39 522.79 472.09 409.08 432.54 420.73 420.63 424.13 453.35 V-THETA 2
V(PR) 1 709.7 730.8 744.6 768.4 798.9 823.6 848.5 849.3 847.5 V(PR) 1
VIPR) 2 364.4 374.9 361.9 406.1 449.1 477.0 456.0 429.6 387.0 V(PR) 2
VTHETA PRI -637.8 -647.0 -654.5 -678.0 -707.1 -740.0 -767.2 -775.3 -782.8 VTHETA PR1
VTHETA PR2 -119.4 -98.1 -155.9 -240.1 -245.0 -285.1 -306.5 -310.1 -288.0 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.2821 0.3082 0.3224 0.3262 0.3374 0.3279 0.3289 0.3146 0.2944 M 1
M 2 0.5292 0.5614 0.5046 0.4584 0.5034 0.4990 0.4717 0.4520 0.4550 M 2
MIPR) 1 0.6407 0.6607 0.6739 0.6956 0.7236 0.7456 0.7682 0.7682 0.7656 M(PR) 1
MIPR) 2 0.3201 0.3310 0.3181 0.3553 0.3943 0.4186 0.3988 0.3749 0.3374 M(PR) 2
TURN(PR) 44.854 47.133 35.995 25.665 29.206 27.257 22.479 19.697 19.385 TURNIPRI
P 1 13.581 13.723 13.757 13.747 13.795 13.783 13.817 13.758 13.648 P 1
P 2 18.919 19.317 16.574 18.133 18.790 18.852 18.541 18.319 18.365 P 2
T 1 516.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 569.566 567.449 565.943 566.568 567.238 567.271 568.296 566.792 570.066 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 55.144 55.313 55.327 51.322 48.987 47.789 51.343 55.065 60.400 BETA 2
STATION 2A BETA 2A 3.612 0.557 -1.815 -2.075 2.510 3.997 5.516 6.249 6.697 BETA 2A
V 2 602.48 635.79 574.03 524.02 573.41 568.58 539.38 518.00 521.89 V 2
V 2A 409.47 401.63 388.56 407.87 430.35 440.09 427.56 414.24 420.15 V 2A
VZ 2 344.32 361.82 326.56 327.47 376.17 381.65 336.47 296.26 257.54 VZ 2
VZ 2A 408.65 401.61 388.35 407.56 429.84 438.86 425.37 411.54 416.98 VZ 2A
V-THETA 2 494.39 522.79 472.09 409.08 432.54 420.73 420.63 424.13 453.35 V-THETA 2
V-THETA 2A 25.60 3.90 -12.31 -14.77 18.84 30.66 41.08 45.06 48.96 V-THETA ZA
M 2 0.5292 0.5614 0.5046 0.4584 0.5034 0.4990 0.4717 0.4520 0.4550 N 2
N 2A 0.3538 0.3474 0.3362 0.3531 0.3728 0.3814 0.3700 0.3580 0.3629 n 2A
TURN(Pk) 51.531 54.755 57.142 53.395 46.457 43.733 45.733 48.716 53.611 TURNIPR)
P 2 16.919 19.317 18.574 1b.133 1U.790 18.852 18.541 18.319 18.365 P 2
P 2A 18.118 18.012 17.920 18.069 18.243 18.326 18.231 18.131 18.166 P 2A
T 2 569.566 567.449 565.943 566.568e 67.238 567.271 568.296 568.792 570.066 T 2
T 2A 571.449 569.65u 568.322 569.090 569.946 570.183 571.037 571.399 572.560 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232.72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (460) - Station 2 (36°) - Station 2A (25*)
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 5.763 6.005 6.525 4.815 5.454 4.433 5.106 5.037 6.649 BETA 1
STATION 2 BETA 2 46.929 46.300 45.694 42.370 43.059 41.016 43.867 47.261 51.706 BETA 2
BETAIPR) 1 53.350 51.563 51.527 52.286 53.423 55.360 57.746 58.800 61.545 BETA(PR) 1
BETA(PR) 2 27.710 27.993 29.252 31.920 33.765 38.778 42.216 45.772 49.326 BETAIPRI 2
V 1 425.46 455.98 459.69 474.71 476.72 472,25 445.59 433.17 388.39 V 1
V 2 558.52 569.49 567.35 572.44 578.69 559.79 540.76 513.74 492.98 V 2
VZ 1 423.30 453.47 456.71 473.03 474.54 470.78 443.73 431.43 385.74 VZ 1
VZ 2 366.94 393.45 396.29 422.90 422.66 421.87 389.16 348.04 305.04 VZ 2
V-THETA 1 42.72 47.70 52.24 39.85 45.31 36.50 39.65 38.03 44.97 V-THETA 1
V-THETA 2 421.06 411.72 406.01 385.76 394.95 366.93 374.07 376.65 386.33 V-THETA 2
V(PR) 1 709.1 729.5 734.1 773.3 796.4 828.3 831.5 832.9 809.6 VIPR) 1
V(PR) 2 414.5 445.6 454.2 498.3 508.7 541.8 526.5 499.9 468.8 V(PR) 2
VTHETA PkR -568.9 -671.4 -574.7 -611.7 -639.5 -681.4 -703.2 -712.4 -711.8 VTHETA PRI
VTHETA PR2 -192.7 -209.1 -221.9 -263.4 -282.6 -338.9 -353.1 -357.6 -355.0 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.3867 0.4154 0.4189 0.4331 0.4350 0.4308 0.4056 0.3940 0.3522 N 1
M 2 0.4937 0.5050 0.5040 0.5087 0.5147 0.4969 0.4784 0.4532 0.4333 N 2
M(PR) 1 0.6446 0.6645 0.6690 0.7055 0.7267 0.7555 0.7569 0.7575 0.7341 M(PRI 1
M(PR) 2 0.3664 0.3951 0.4035 0.4428 0.4524 0.4809 0.4657 0.4410 0.4121 M(PR) 2
TURN(PR) 25.640 23.570 22.275 20.368 19.676 16.638 15.624 13.134 12.328 TURN(PR)
P 1 14.526 14.749 14.760 14.869 14.912 14.939 14.834 14.811 14.579 P 1
P 2 18.386 18.525 18.530 18.685 18.836 18.741 18.592 18.306 18.112 P 2
T 1 518.699 518.699 518.699 518.699 516.699 518.699 518.699 518.699 518.699 T I
T 2 558.516 556.309 554.130 554.129 553.928 554.323 556.052 556.789 558.876 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.84B 38.919 39.276 39.633 DIA
STATION 2 BETA 2 48.929 46.300 45.694 42.370 43.059 41.016 43.b67 47.261 51.706 BETA 2
STATION 2A BETA 2A 3.281 2.104 1.104 0.854 2.738 4.031 5.494 5.897 6.067 BETA 2A
V 2 558.52 569.49 567.35 572.44 578.69 559.79 540.76 513.74 492.98 V 2
V 2A 403.72 399.16 392.24 413.40 433.27 445.71 420.13 411.88 408.98 V 2A
VZ 2 366.94 393.45 396.29 422.90 422.66 421.87 389.16 348.04 305.04 VZ 2
VZ 2A 403.06 39b.88 392.16 413.31 432.68 444.44 417.99 409.47 406.40 VZ ZA
V-THETA 2 421.06 411.72 406.01 385.76 394.95 366.93 374.07 376.65 386.33 V-THETA 2
V-THETA 2A 23.11 14.65 7.56 6.16 20.69 31.32 40.20 42.29 43.19 V-THETA 2A
M 2 0.4937 0.5050 0.5040 0.5087 0.5147 0.4969 0.4784 0.4532 0.4333 M 2
M 2A 0.3526 0.3492 0.3437 u.3627 0.3807 0.3919 0.3682 0.3604 0.3570 M 2A
TURNIPR) 45.647 44.195 44.590 41.514 40.301 36.927 38.277 41.258 45.534 TURNIPR)
P 2 16.3b6 18.525 18.530 18.685 18.836 18.741 18.592 18.306 18.112 P 2
P 2A 18.131 18.057 18.022 1b.190 18.33 3  18.438 18.212 18.134 18.113 P 2A
T 2 55b.516 556.309 554.130 554.129 553.928 554.323 556.052 556.789 558.876 T 2
T 2A 559.163 557.078 554.755 554.685 554.496 554.902 556.599 557.619 559.901 T 2A
STable A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232. 72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (760) - Station 2 (66 ) - Station 2A (55")
ROTOR U PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 KCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 3.178 1.846 1.003 1.389 0.836 0.571 0.424 0.427 1.158 BETA I
STATION 2 BETA 2 46.218 44.505 43.155 41.480 40.083 39.387 40.823 44.324 48.107 BETA 2
BETA(PR) 1 58.017 5o.595 56.031 54.545 55.488 58.388 60.547 61.842 63.682 BETAIPR) 1
BETA(PRI 2 25.310 27.130 26.427 30.670 31.818 35.t29 38.330 41.210 45.696 BETA(PR) 2
V 1 369.72 399.99 417.53 456.24 466.26 439.26 417.81 400.14 370.71 V 1
V 2 585.02 582.21 600.04 586.65 605.94 594.67 581.93 555.12 519.83 V 2
VZ 1 369.15 399.78 417.47 456.10 466.19 439.18 417.72 400.06 370.60 VI I
VZ 2 404.78 415.22 437.73 439.49 463.41 459.03 439.49 396.35 346.50 VZ 2
V-THETA 1 2u.50 12.90 7.31 11.06 6.80 4.38 3.09 2.98 7.49 V-THETA 1
V-THETA 2 422.36 408.11 410.41 388.56 390.00 376.88 379.67 387.11 386.28 V-THETA 2
V(PR) 1 696.9 726.1 747.2 786.3 822.8 837.9 849.6 847.8 835.9 VPRI) 1
V(PR) 2 447.8 466.6 488.8 511.0 545.7 565.5 561.4 528.0 497.0 V(PR) 2
VTHETA PR1 -591.2 -606.2 -619.6 -640.5 -678.0 -713.5 -739.7 -747.4 -749.3 VTHETA PR1
VTHETA PR2 -191.4 -212.8 -217.5 -260.6 -287.5 -329.0 -347.5 -347.1 -355.0 VTHETA PRZ
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.3348 0.3630 0.3793 0.4156 0.4251 0.3997 0.3796 0.3631 0.3358 M 1
N 2 0.5170 0.5155 0.5330 0.5202 0.5382 0.5275 0.5149 0.4900 0.4569 M 2
MIPR) 1 0.6312 0.6589 0.6788 0.7163 0.7502 0.7624 0.7718 0.7693 0.7571 N(PR) 1
M(PR) 2 0.3957 0.4131 0.4342 0.4532 0.4847 0.5016 0.4967 0.4661 0.4369 M(PR) 2
TURNIPR) 32.707 29.465 29.605 23.877 23.688 22.813 22.309 20.737 18.097 TURNPRI)
P 1 14.357 14.548 14.633 14.891 14.960 14.827 14.778 14.681 14.518 P 1
P 2 18.802 18.764 18.995 18.876 19.190 19.167 19.089 18.781 18.420 P 2
T 1 516.699 518.699 518.699 516.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 561.405 558.981 557.35t 557.796 558.027 558.353 559.779 559.735 561.024 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 3a.919 39.276 39.633 DIA
STATION 2 BETA 2 46.21b 4#.505 43.155 41.480 40.083 39.387 40.823 44.32 48.107 BETA 2
STATION 2A BETA 2A 3.111 3.426 3.491 3.151 2.832 3.645 4.806 5.042 5.017 BETA 2A
V 2 585.02 582.21 600.04 586.65 605.94 594.67 581.93 555.12 519.83 V 2
V 2A 435.78 428.82 417.25 452.54 481.93 496.71 461.31 441.87 435.85 V 2A
VZ 2 404.78 415.22 437.73 439.49 463.41 459.03 439.49 396.35 346.50 VZ 2
VZ 2A 435.14 428.05 416.47 451.81 481.24 495.52 459.45 439.92 433.87 VZ 2A
V-THETA 2 422.36 408.11 410.41 388.56 390.00 376.88 379.67 387.11 386.28 V-THETA 2
v-THETA 2A 23.65 25.63 25.41 24.87 23.81 31.57 38.63 38.81 38.09 V-THETA 2A
M 2 0.5170 u.5155 0.5330 0.5202 0.5382 0.5275 0.5149 0.4900 0.4569 M 2
M 2A 0.3610 0.3755 0.3657 0.3975 0.4241 0.4375 0.4047 0.3871 0.3811 N 2A
TURN(PR) 43.106 41.078 39.664 36.327 37.231 35.684 35.921 39.175 42.982 TURNIPR)
P 2 18.b02 18.764 18.995 18.876 19.190 19.167 19.089 18.781 1U.420 P 2
P 2A 1b.444 1l.367 18.313 18.591 18.830 18.949 18.583 18.422 18.342 P ZA
T 2 561.405 55b.961 557.354 557.76 558.027 558.353 559.779 559.735 561.024 T 2
T 2A 560.344 557.941 556.196 556.510 556.572 556.882 558.439 558.569 560.057 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232. 72 Equivalent Weight Flow = 90. 59
Circumferential Distortion
Station 1 (106") - Station 2 (96*) - Station 2A (85 )
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 3.226 4.177 3.938 3.352 3.470 2.828 1.812 2.103 2.942 BETA 1
STATION 2 BETA 2 45.657 43.312 42.506 40.927 39.613 38.891 40.103 42.655 46.653 BETA 2
BETA(PR) 1 56.636 55.191 53.611 53.763 54.581 56.689 59.717 61.797 64.897 BETAIPR) 1
BETA(PR) 2 25.945 28.080 29.512 31.603 33.649 36.098 39.900 43.000 48.025 BETAIPRI 2
V 1 388.97 410.71 440.78 458.64 467.76 457.57 426.21 394.97 346.70 V 1
V 2 581.67 578.00 574.55 579.69 589.21 591.25 567.58 539.63 498.37 V 2
VZ 1 388.35 409.61 439.74 457.85 466.88 456.95 425.91 394.64 346.21 VZ I
VZ 2 406.55 420.57 423.56 437.96 453.71 459.61 433.26 396.04 341.45 VZ 2
V-THETA 1 21.89 29.91 30.27 26.82 28.31 22.57 13.47 14.49 17*79 V-THIETA
V-THETA 2 415.98 396.49 388.20 379.73 375.52 370.74 364.87 364.88 361.75 V-THETA 2
VIPR) 1 706.1 717.6 741.2 774.6 805.6 832.1 844.6 835.1 816.1 V(PRI 1
V(PR) 2 452.1 476.7 486.7 514.k 545.3 569.6 565.9 542.6 511.4 VIPR) 2
VTHETA PRI -589.8 -589.2 -596.7 -624.7 -656.5 -695.3 -729.4 -735.9 -739.0 VTHETA PR1
VTHETA PR2 -197.8 -224.4 -239.8 -269.5 -302.0 -335.1 -362.3 -369.3 -379.6 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.66 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.3527 0.3730 0.4011 0.4179 0.4265 0.4169 0.3874 0.3583 0.3136 N 1
M 2 0.5138 0.5114 0.5092 0.5139 0.5226 0.5242 0.5017 0.4754 0.4370 M 2
M(PR) 1 0.6403 0.6516 0.6745 0.7058 0.7346 0.7581 0.7678 0.7575 0.7381 MNPR) I
N(PRI 2 0.3994 0.4218 0.4314 0.4559 0.4837 0.5050 0.5002 0.4781 0.4485 MIPR) 2
TURNIPR) 30.691 27.111 24.099 22.163 20.950 20.645 19.910 18.902 16.982 TURNPR)
P 1 14.435 14.606 14.789 14.879 14.957 14.974 14.825 14.687 14.458 P 1
P 2 18.849 18.822 18.795 18.894 19.091 19.214 19.010 18.714 18.297 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 561.447 559.339 557.246 557.447 557.820 558.468 559.394 560.301 561.885 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 45.657 43.312 42.506 40.927 39.613 38.891 40.103 42.655 46.653 BETA 2
STATION 2A BETA 2A 3.414 3.634 3.542 2.840 2.773 3.594 4.562 5.128 5.205 BETA 2A
V 2 581.67 578.00 574.55 579.69 589.21 591.25 567.58 539.63 498.37 V 2
V 2A 450.06 442.01 435.86 465.88 488.36 503.18 462.79 445.54 439.37 V ZA
VZ 2 406.55 420.57 423.56 437.96 453.71 459.61 433.26 396.04 341.45 VZ 2
VZ 2A 449.26 441.11 435.01 465.26 487.68 502.00 461.09 443.51 437.25 VZ 2A
V-THETA 2 415.98 396.49 388.20 379.73 375.52 370.74 364.87 364.88 361.75 V-THETA 2
V-THETA 2A 26.80 28.01 26.93 23.08 23.62 31.53 36.79 39.80 39.83 V-THETA 2A
M 2 0.5138 0.5114 0.5092 0.5139 0.5226 0.5242 0.5017 0.4754 0.4370 N 2
M 2A 0.3935 0.3869 0.3822 0.4092 0.4295 0.4428 0.4055 0.3898 0.3836 M 2A
TURNIPR 42.242 39.677 38.964 38.085 36.820 35.239 35.446 37.421 41.339 TURNWPR)
P 2 18.849 16.822 18.795 18.894 19.091 19.214 19.010 18.714 18.297 P 2
P 2A 18.617 18.550 18.510 18.747 1.932 19.043 18.636 18.497 18.424 P 2A
T 2 561.447 559.339 557. 46 557.447 557.620 558.468 559.394 560.301 561.885 T 2
T 2A 561.347 559.280 557.135 557.435 557.854 558.532 559.742 560.264 562.042 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D. Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232.72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (1360) - Station 2 (126*) - Station 2A (1150)
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION I BETA 1 3.276 2.540 2.096 1.524 1.964 1.4bl 1.590 0.742 0.450 BETA 1
STATION 2 BETA 2 46.816 44.b02 43.646 42.326 40.817 40.155 42.395 43.808 47.736 BETA 2
BETA(PR) 1 57.483 55.958 55.474 55.116 56.968 58.194 61.413 63.486 63.833 BETA(PR) 1
BETA(PR) 2 25.406 27.596 28.016 30.294 33.513 36.177 37.959 41.661 45.648 BETAIPRI 2
V 1 376.82 406.46 421.00 446.15 435.84 438.41 398.98 372.06 370.44 V 1
V 2 582.25 577.27 584.03 587.39 586.94 587.10 582.63 551.33 520.04 V 2
VZ 1 376.20 406.06 420.71 445.99 435.56 438.21 398.76 371.97 370.40 VZ 1
VZ 2 398.45 409.59 422.61 434.25 444.02 448.17 429.47 397.08 349.13 VZ 2
V-THETA 1 21.53 18.01 15.40 11.87 14.94 11.33 11.07 4.82 2.91 V-THETA 1
V-THETA 2 424.54 406.77 403.09 395.50 383.50 378.13 392.09 380.90 384.18 V-THETA 2
VIPR) 1 699.8 725.4 742.3 779.8 799.0 831.5 833.4 833.2 839.9 V(PR) 1
V(PR) 2 441.1 462.2 478.7 503.0 532.8 556.0 545.9 532.6 500.4 VIPR) 2
VTHETA PR1 -590.1 -601.1 -611.6 -639.7 -669.9 -706.6 -731.8 -745.6 -753.8 VTHETA PRI
VTHETA PR2 -189.2 -214.1 -224.9 -253.7 -294.0 -327.7 -335.0 -353.3 -357.1 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.3414 0.3690 0.3826 0.4062 0.3965 0.3989 0.3620 0.3370 0.3355 N 1
M 2 0.5145 0.5110 0.5182 0.5212 0.5206 0.5205 0.5161 0.4863 0.4571 M 2
MIPR) 1 0.6341 0.6585 0.6745 0.7099 0.7269 0.7565 0.7562 0.7548 0.7608 M(PR) 1
M(PR) 2 0.3898 0.4091 0.4248 0.4463 0.4726 0.4929 0.4835 0.4699 0.4398 MIPR) 2
TURNIPR) 32.077 2#.362 27.458 24.824 23.473 22.071 23.545 21.930 18.295 TURN(PR)
P 1 14.493 14.694 14.791 14.952 14.890 14.962 14.739 14.609 14.636 P 1
P 2 18.892 18.842 16.933 19.031 19.106 19.217 19.235 18.890 18.535 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 561.111 558.735 556.948 557.293 557.636 558.125 558.629 560.069 561.163 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
UIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 46.816 44.802 43.646 42.326 40.817 40.155 42.395 43.808 47.736 BETA 2
STATION 2A BETA 2A 3.610 3.702 3.450 2.470 2.779 3.556 4.371 5.219 5.372 BETA 2A
V 2 582.25 577.27 584.03 587.39 586.94 587.10 582.63 551.33 520.04 V 2
V 2A 441.20 430.69 423.50 459.01 482.86 500.15 460.36 441.85 435.83 V 2A
VZ 2 398.45 409.59 422.61 434.25 444.02 448.17 429.47 397.08 349.13 VZ 2
VZ 2A 440.32 429.78 422.72 458.54 482.19 499.00 458.79 439.77 433.61 VZ 2A
V-THETA 2 424.54 '406.77 403.09 395.50 303.50 378.13 392.09 380.90 384.18 V-THETA 2
V-THETA 2A 27.78 27.81 25.48 19.78 23.41 31.01 35.07 40.17 40.77 V-THETA 2A
M 2 0.5145 0.5110 0.5182 0.5212 0.5206 0.5205 0.5161 0.4863 0.4571 N 2
M 2A 0.3855 0.3768 0.3710 0.4030 0.4245 0.4401 0.4037 0.3865 0.3806 M 2A
TURNIPRI 43.205 41.099 40.196 39.854 38.018 36.541 37.928 38.482 42.256 TURN(PR)
P 2 18.892 18.842 18.933 19.031 19.106 19.217 19.235 18.890 18.535 P 2
P 2A 18.568 lb.505 18.446 18.720 18.924 19.063 18.668 18.507 18.429 P 2A
T 2 561.111 558.735 556.948 557.293 557.o36 558.125 558.629 560.069 561.163 T 2
T 2A 561.408 559.117 557.251 557.447 557.750 558.267 558.813 560.163 561.351 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100. 54 Equivalent Rotor Speed = 4232.72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (166 ° ) - Station 2 (156 ° ) - Station 2A (145")
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 5.820 5.498 5.804 5.801 5.571 4.988 5.308 6.055 6.040 BETA 1
STATION 2 BETA 2 46.554 44.027 43.312 41.933 40.862 39.456 40.998 43.872 48.305 BETA 2
BETA(PR) 1 54.895 53.213 52.413 53.379 55.411 56.937 59.885 62.019 65.289 BETAiPRI 1
BETA(PR) 2 25.690 28.343 28.895 31.688 32.722 36.908 39.723 43.259 47.207 BETAIPR) 2
V 1 403.29 433.83 449.88 452.57 444.59 443.96 410.67 379.59 333.96 V 1
V 2 580.79 573.37 577.40 575.81 594.47 581.51 567.81 536.43 506.83 V 2
VZ 1 401.21 431.83 447.57 450.26 442.47 442.22 408.83 377.41 332.07 VZ 1
VZ 2 399.39 412.25 420.13 428.34 449.41 448.42 427.70 385.94 336.54 VZ 2
V-THETA 1 40.89 41.57 45.49 45.74 43.16 38.60 37.98 40.03 35.14 V-THETA 1
V-THETA 2 421.66 398.49 396.08 384.77 388.77 369.07 371.77 371.03 377.79 V-THETA 2
V(PR) 1 697.7 721.1 733.8 754.8 779.4 810.6 814.9 804.4 794.4 VPR) 1I
V(PR) 2 443.2 468.4 479.9 503.4 534.5 561.6 557.2 531.0 496.3 VIPR) 2
VTHETA PRI -570.8 -577.5 -581.5 -605.8 -641.7 -679.3 -704.8 -710.4 -721.6 VTHETA PR1
VTHETA PR2 -192.1 -222.4 -231.9 -264.4 -288.8 -336.8 -355.4 -363.2 -363.5 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
N 1 0.3660 0.3946 0.4097 0.4122 0.4047 0.4041 0.3729 0.3440 0.3018 M 1
M 2 0.5140 0.5083 0.5129 0.5109 0.5280 0.5155 0.5023 0.4729 0.4450 N 2
M(PR) 1 0.6332 0.6559 0.6682 0.6875 0.7095 0.7378 0.7400 0.7290 0.7180 M(PR) 1
M(PR) 2 0.3923 0.4152 0.4263 0.4467 0.4747 0.4979 0.4929 0.4681 0.4357 MIPR) 2
TURN(PR) 29.205 24.870 23.518 21.694 22.706 20.083 20.255 18.865 18.193 TURNiPR)
P 1 14.659 14.890 14.982 14.981 14.946 15.006 14.836 14.686 14.485 P 1
P 2 18.817 18.742 18.801 18.843 19.150 19.094 19.008 18.672 18.371 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 559.340 556.945 555.119 556.150 556.865 557.569 558.543 559.493 561.237 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 46.554 44.027 43.312 41.93 40.862 39.456 40.998 43.872 48.305 BETA 2
STATION 2A BETA 2A 3.441 3.711 3.579 2.582 2.999 3.547 4.299 5.191 5.276 BETA 2A
V 2 580.79 573.37 577.40 575.81 594.47 581.51 567.81 536.43 506.83 V 2
V 2A 435.32 425.59 420.43 458.03 484.14 501.14 457.10 440.38 434.39 V 2A
VZ 2 399.39 412.25 420.13 428.34 449.41 448.42 427.70 385.94 336.54 VZ 2
VZ 2A 434.53 424.68 419.60 457.52 43.37 500.00 455.59 438.32 432.25 VZ 2A
V-THETA 2 421.66 398.49 396.08 384.77 368.77 369.07 371.77 371.03 377.79 V-THETA 2
V-THETA 2A 26.13 27.54 26.24 20.63 25.32 30.99 34.25 39.82 39.92 V-THETA 2A
M 2 0.5140 0.5063 0.5129 0.5109 0.5280 0.5155 0.5023 0.4729 0.4450 M 2
M 2A 0.3808 0.3729 0.3689 0.4025 0.4259 0.4412 0.4007 0.3853 0.3793 M 2A
TURN(PR) 43.112 40.315 39.733 39.349 37.843 35.851 36.603 36.574 42.921 TURN(PR)
P 2 1b.817 18.742 18.801 18.843 19.150 19.094 19.008 18.672 18.371 P 2
P 2A 6l.54 18.463 18.432 18.732 1.559 19.085 18.642 16.507 18.432 P 2A
T 2 559.340 556.945 555.119 556.150 556.865 557.569 55b.54. 559.493 561.237 T 2
T 2A 559.508 557.154 555.183 556.J66 557.139 557.836 558.985 559.786 561.551 T 2Atl.
J.-
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232. 72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (196 ° ) - Station 2 (186 ° ) - Station 2A (175")
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 5.652 5.649 5.274 5.261 4.549 4.164 4.338 4.463 4.236 BETA I
STATION 2 BETA 2 46.995 45.201 44.673 43.890 42.072 40.613 42.896 45.795 50.908 BETA 2
BETA(PR) 1 55.501 54.432 55.125 54.986 56.981 58.855 61.062 62.732 64.988 BETA(PR) 1
BETA(PR) 2 25.773 27.668 28.888 31.093 32.765 36.109 38.504 41.370 46.992 BETAIPR) 2
V 1 395.52 415.47 412.30 430.61 424.52 416.72 395.38 373.01 342.24 V 1
V 2 578.72 575.41 573.25 575.60 590.51 586.64 576.57 552.70 511.28 V 2
VZ 1 393.59 413.44 410.55 428.80 423.16 415.56 394.17 371.82 341.27 VZ 1
VZ 2 394.72 405.44 407.65 414.80 438.16 444.79 421.61 384.64 321.89 VZ 2
V-THETA 1 38.95 40.90 37.90 39.48 33.67 30.25 29.90 29.02 25.28 V-THETA 1
V-THETA 2 423.21 408.29 403.03 399.04 395.52 381.41 391.72 395.46 396.20 V-THETA 2
V(PR) 1 694.9 710.8 718.0 747.3 776.6 803.5 814.7 811.6 807.2 V(PR) 1
V(PR) 2 438.3 457.8 465.6 484.4 521.3 551.3 539.9 513.6 472.8 VIPR) 2
VTHETA PRI -572.7 -578.2 -589.1 -612.1 -651.2 -687.7 -712.9 -721.4 -731.5 VTHETA PRI
VTHETA PR2 -190.6 -212.6 -224.9 -250.2 -282.0 -324.4 -335.4 -338.7 -345.1 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
N 1 0.3588 0.3774 0.3744 0.3916 0.3859 0.3786 0.3587 0.3379 0.3095 n 1
M 2 0.5123 0.5103 0.5090 0.5108 0.5245 0.5206 0.5108 0.4879 0.4492 M 2
n(PR) 1 0.6304 0.6457 0.b521 0.6796 0.7059 0.7299 0.7390 0.7352 0.7299 nIPR) 1
M(PR) 2 0.3880 0.4060 0.4134 0.4299 0.4631 0.4892 0.4783 0.4534 0.4153 M(PR 2
TURN(Pk) 29.729 26.765 26.237 23.895 24.233 22.801 22.650 21.467 18.106 TURN(PR)
P 1 14.770 14.918 14.903 15.001 14.960 14.953 14.902 14.796 14.617 P 1
P 2 18.796 18.792 18.784 18.654 19.090 19.132 19.060 18.780 18.373 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 558.887 556.593 555.210 555.920 556.440 557.095 557.842 559.395 560.968 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.846 38.919 39.276 39.633 DIA
STATION 2 BETA 2 46.995 45.201 44.673 43.890 42.072 40.613 42.896 45.795 50.908 BETA 2
STATION 2A BETA 2A 3.295 3.767 3.784 2.767 3.028 3.405 4.288 5.259 5.454 BETA 2A
V 2 578.72 575.41 573.25 575.60 590.51 586.64 576.57 552.70 511.28 V 2
V 2A 439.03 428.95 425.97 454.02 477.74 489.45 451.67 433.91 432.27 V 2A
VZ 2 394.72 405.44 407.65 414.80 438.16 444.79 421.61 384.64 321.89 VZ 2
VZ 2A 438.31 428.01 425.03 453.45 476.96 488.41 450.17 431.84 430.01 Vi 2A
V-THETA 2 423.21 408.29 403.03 399.04 395.52 381.41 391.72 395.46 396.20 V-THETA 2
V-THETA 2A 25.23 28.18 28.11 21.92 25.23 29.06 33.75 39.75 41.06 V-THETA 2A
M 2 0.5123 0.5103 0.5090 0.5106 0.5245 0.5206 0.5108 0.4879 0.4492 n 2
n 2A 0.3843 0.3760 0.3739 0.3990 0.4203 0.4308 0.3962 0.3796 0.3776 n 2A
TURN(PR) 43.699 41.433 40.889 41.121 39.024 37.149 38.511 40.429 45.348 TURNIPR)
P 2 18.796 18.792 18.784 18.854 19.090 19.132 19.060 18.780 18.373 P 2
P 2A 18.555 18.464 18.451 18.678 16.865 16.952 18.572 18.432 16.384 P 2A
T 2 55t.887 556.593 555.210 555.920 556.440 557.095 557.842 559.395 560.968 T 2
T 2A 559.206 556.616 555.309 555.989 556.528 557.195 557.860 559.251 560.830 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232. 72 Equivalent Weight Flow - 90.59
Circumferential Distortion
Station 1 (2260) - Station 2 (216*) - Station 2A (2050)
ROTOR D PCI SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.96 9.99 4.98 PCT SPAN
DIA 33.234 33.b17 34.001 35.151 36.685 36.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 8.133 7.973 8.154 7.758 7.948 7.454 8.512 7.281 9.709 BETA 1
STATION 2 BETA 2 45.864 44.766 44.578 43.539 43.112 43.276 48.062 51.857 56.706 BETA 2
BETAIPR) 1 56.389 54.843 54.333 55.437 56.768 59.635 61.212 62.343 65.633 BETA(PRI I
BETA(PR) 2 25.954 27.370 27.677 30.401 34.054 37.534 41.941 44.567 47.406 BETAIPR) 2
V 1 375.05 400.75 412.18 414.14 415.09 394.04 361.42 371.63 322.75 V 1
V 2 560.90 579.30 583.89 562.70 575.94 567.65 541.70 527.15 517.94 V 2
VZ 1 371.27 396.87 408.01 410.35 411.08 390.66 377.15 368.57 318.10 VZ 1
VZ 2 404.51 411.29 415.90 422.36 420.29 412.81 361.47 325.11 283.98 VZ 2
V-THETA 1 53.06 55.59 58.46 55.90 57.39 51.11 56.45 47.09 54.43 V-THETA I
V-THETA 2 416.90 407.94 409.82 401.37 393.46 388.71 402.33 413.98 432.41 V-THETA 2
V(PR) 1 670.7 689.2 699.8 723.3 750.1 772.8 783.2 794.1 771.0 VIPRI 1
V(PR) 2 449.9 463.1 469.6 489.7 507.5 521.3 486.9 457.2 420.3 V(PRI 2
VTHETA PR1 -558.6 -563.5 -568.5 -595.7 -627.4 -666.8 -686.4 -703.3 -702.3 VTHETA PR1VTHETA PR2 -196.9 - 12.9 -218.1 -247.8 -284.1 -317.1 -324.8 -320.2 -308.9 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.3398 0.3637 0.3743 0.3762 0.3770 0.3574 0.3457 0.3366 0.2915 M 1
M 2 0.5152 0.5146 0.5195 0.5174 0.5107 0.5023 0.4770 0.4631 0.4537 M 2
M(PR) 1 0.6077 0.6254 0.6355 0.6570 0.6814 0.7010 0.7098 0.7193 0.6964 M(PR) 1
M(PR) 2 0.3990 0.4114 0.4178 0.4349 0.4500 0.4613 0.4287 0.4016 0.3682 MIPR) 2
TURN(PR) 30.436 27.473 26.656 25.038 22.732 22.156 19.365 17.882 18.338 TURN(PR)
P 1 14.748 14.899 14.979 14.999 15.022 14.939 14.969 14.945 14.741 P 1
P 2 18.746 18.770 18.856 18.858 18.639 18.791 18.519 18.361 18.288 P 2T 1 518.699 518.699 518.699 516.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 557.155 555.375 554.141 555.974 556.881 558.215 561.174 562.436 564.570 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIASTATION 2 BETA 2 45.864 44.766 44.578 43.539 43.112 43.278 48.062 51.857 56.706 BETA 2
STATION 2A bETA 2A 3.291 3.970 4.157 3.025 2.583 3.081 4.611 5.812 6.581 BETA 2A
V 2 580.90 579.30 583.89 582.70 575.94 567.65 541.70 527.15 517.94 V 2
V 2A 438.71 428.84 428.22 458.00 466.00 465.85 422.55 413.05 414.80 V 2A
VZ 2 404.51 411.29 415.90 422.38 420.29 412.81 361.47 325.11 283.98 VZ 2
VZ 2A 437.98 427.80 427.07 457.3k 465.42 465.00 420.97 410.70 411.77 VZ 2AV-THETA 2 416.90 407.94 409.62 401.37 393.46 388.11 402.33 413.96 432.41 V-THETA 2
V-THETA 2A 25.16 9 .69  31.04 24.17 21.00 25.03 33.95 41.80 47.50 V-THETA 2A
M 2 0.5152 0.5146 0.5195 0.5174 0.5107 0.5023 0.4770 0.4631 0.457 N 2
M 2A 0.3847 0.3764 0.3764 0.4027 0.4096 0.4092 0.3694 0.3604 0.3613 M ZA
TURN(PR) 42.572 40.795 40.421 40.51z 40.509 40.138 43.355 45.942 50.026 TURN(PR)P 2 18.748 16.770 18.858 lb.858 16.839 16.791 18.519 1b.361 18.288 P 2
P 2A 1b.559 10.48* 18.4e8 18.716 16.752 16.711 18.309 18.24~ 16.243 P 2A
T 2 557.155 555.375 554.141 555.974 556.881 558.215 561.174 562.436 564.570 T 2
T 2A 557.16b 555.411 553.922 555.790 556.697 557.411 559.479 560.779 562.821 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = '1232.72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (256 ) - Station 2 (246 o) - Station 2A (235 o)
ROTOR D PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 5.7b9 4.640 4.698 4.286 4.784 4.073 4.927 5.876 6.202 BETA 1
STATION 2 BETA 2 44.946 44.200 44.560 45.035 47.133 53.303 63.249 66.668 69.958 BETA 2
BETA(PR) 1 56.844 57.864 57.766 56.904 60.498 64.205 66.035 67.894 71.556 BETA(PR) 1
aETA(Pk) 2 24.975 26.055 27.028 29.494 32.038 37.993 47.070 49.590 53.751 BETA(PR) 2
V 1 350.22 a71.24 377.13 377.05 371.28 336.33 319.23 294.16 245.02 V I
V 2 592.41 592.62 589.55 586.33 584.95 556.84 528.49 531.04 527.16 V 2
VZ 1 348.43 370.02 375.86 375.99 369.97 335.43 317.99 292.56 243.56 Vz 1
VZ 2 419.29 424.e5 420.06 414.33 397.81 332.50 237.71 210.19 180.58 VZ 2
V-THETA 1 35.32 30.03 30.69 28.18 30.96 23.89 27.41 30.11 26.47 V-THETA 1
V-THETA 2 416.50 413.15 413.66 414.84 428.58 446.14 471.59 487.32 495.01 V-THETA 2
VIPR) 1 673.5 695.6 704.7 728.0 751.3 770.9 782.9 777.5 769.8 V(PR) I
V(PR) 2 462.5 472.9 471.6 476.0 469.5 422.5 349.6 324.8 305.8 VIPR) 2
VTHETA PRI -576.3 -589.0 -596.1 -623.4 -653.9 -694.0 -715.4 -720.3 -730.3 VTHETA PRI
VTHETA PR2 -195.3 -207.7 -214.3 -234.4 -248.9 -259.7 -255.5 -246.9 -246.3 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U I
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.3168 0.3363 0.3417 0.3416 0.3363 0.3040 0.2883 0.2653 0.2205 M 1
M 2 0.5250 0.5261 0.5235 0.5196 0.5176 0.4899 0.4619 0.4636 0.4592 N 2
M(PR) 1 0.6092 0.6301 0.6385 0.6596 0.6805 0.6968 0.7071 0.7012 0.6929 M(PR) 1
M(PR) 2 0.4099 0.4196 0.4167 0.4218 0.4155 0.3717 0.3055 0.2836 0.2664 M(PR) 2
TURN(PR) 33.669 31.810 30.738 29.412 28.477 26.267 19.060 18.410 17.910 TURN(PRI
P 1 14.841 14.975 15.020 15.039 15.042 14.973 14.968 14.852 14.643 P 1
P 2 18.897 16.940 18.925 18.907 18.884 18.517 18.246 18.288 18.281 P 2
T 1 518.699 516.699 518.699 516.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 559.100 557.242 556.707 558.574 559.912 563.325 567.995 569.376 571.610 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PGT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.846 38.919 39.276 39.633 DIA
STATION 2 bETA 2 44:946 44.200 44.560 45.0C35 47.133 53.303 63.249 66.668 69.958 BETA 2
STATION 2A BETA 2A 3.298 4.048 4.332 3.305 1.950 0.972 1.889 3.081 4.111 BETA 2A
V 2 592.41 592.62 589.55 586.33 584.95 556.84 528.49 531.04 527.16 V 2
V 2A 462.63 455.39 456.97 467.46 450.97 435.6b 403.98 394.19 399.43 V ZA
VZ 2 419.29 424.85 420.06 414.33 397.81 332.50 237.71 210.19 180.58 VZ 2
VZ 2A 461.66 454.24 455.65 466.63 450.60 415.46 403.56 393.40 398.12 VZ 2A
V-THETA k 418.50 413.15 413.66 414.84 428.58 446.14 471.59 487.32 495.01 V-THETA 2
V-THETA ZA 26.61 32.15 34.52 26.95 15.34 7.39 13.31 21.18 28.61 V-THETA 2A
M 2 0.5250 0.5261 0.5235 0.5196 0.5176 0.4899 0.4619 0.4636 0.4592 M 2
M 2A 0.4060 0.4001 0.4018 0.4107 0.3954 0.3807 0.3509 0.3418 0.3458 M 2A
TUKN(PR) 41.647 40.151 40.226 41.728 45.163 52.273 o1.281 63.509 65.777 TURNIPR)
P 2 18.897 18.940 18.925 18.907 18.884 18.517 18.246 18.288 18.281 P 2
P 2A 16.6ib 18.569 18.581 16.637 18.477 18.306 18.053 17.986 18.016 P 2A
T 2 559.100 557.242 556.707 558.574 559.912 563.325 567.995 5o9.376 571.610 T 2
T 2A 55b.130 556.238 555.508 557.186 558.221 560.889 565.113 566.421 568.616 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100. 54 Equivalent Rotor Speed = 4232.72 Equivalent Weight Flow 90. 59
Circumferential Distortion
Station 1 (2860) - Station 2 (2760) - Station 2A (265")
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 J0.00 14.98 9.99 4.98 PCT SPAN
OIA 33.234 33.b17 34.001 35.151 36.685 36.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -6.861 -6.291 -6.045 -5.567 -4.7b9 -6.275 -5.914 -5.889 -5.931 BETA 1
STATION Z BETA 2 43.967 44.076 44.362 46.561 51.629 58.959 67.734 70.730 74.394 BETA 2
BETAIPR) 1 62.228 61.402 61.456 62.36 64.825 68.244 70.952 74.166 78.541 BETA(PR) 1
BETA(PR) 2 26.239 25.661 25.721 26.939 31.629 39.998 52.023 56.609 60.905 BETA(PRI 2
V 1 346.39 361.26 363.90 360.85 336.21 301.50 267.46 220.44 157.55 V 1
V 2 585.05 596.56 601.73 603.6 581.06 547.71 515.66 508.44 512.60 V 2
VZ 1 343.90 359.08 361.88 359.14 335.03 299.65 265.98 219.24 156.69 VZ 1
VZ 2 420.94 426.57 430.20 415.03 360.60 282.27 195.29 167.73 137.86 VZ 2
V-THETA 1 -41.38 -39.59 -36.32 -35.01 -27.95 -32.95 -27.55 -22.61 -16.28 V-THETA 1
V-THETA 2 406.31 414.97 420.72 438.28 455.43 469.02 476.97 479.75 493.56 V-THETA 2
V(PR) 1 738.0 750.2 757.3 774.8 787.6 608.5 815.0 803.5 788.8 V(PRI 1
V(PR) 2 469.3 475.5 477.5 465.6 423.7 368.9 317.8 305.1 283.8 VIPR) 2
VTHETA PRI -653.0 -658.7 -665.3 -686.6 -712.8 -750.9 -T70.4 -773.0 -773.0 VTHETA PR1
VTHETA PR2 -207.5 -205.9 -207.2 -210.9 -222.1 -236.8 -250.2 -254.5 -247.7 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.b6 727.13 734.21 741.30 U 2
n 1 0.3133 0.3270 0.3295 0.3266 0.3039 0.2720 0.2409 0.1982 0.1414 N 1
n 2 0.5150 0.5263 0.5314 0.5315 0.5093 0.4769 0.4463 0.4393 0.4421 N 2
MNPR) 1 0.6675 0.6791 0.6857 0.7014 0.7119 0.7295 0.734i 0.7225 0.7079 NMPR) 1
MiPR) 2 0.4131 0.4195 0.4217 0.4099 0.3714 0.3212 0.2750 0.2636 0.2448 M(PR) 2
TURN(PR) 35.989 35.742 35.735 35.449 33.213 28.303 19.022 17.656 17.731 TUkN(PR)
P 1 14.847 14.946 14.979 15.023 15.000 14.939 14.865 14.700 14.548 P 1
P 2 18.937 19.091 19.156 19.142 18.810 18.398 18.108 18.065 18.142 P 2
T 1 516.699 518.b99 518.b99 51b.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 565.587 56.2e66 563.722 567.053 569.b38 573.965 577.660 579.025 581.262 T 2
STATOR D PCT SPAN 95.00 90.00 65.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.846 38.919 39.276 39.633 DIA
STATION 2 BETA 2 43.987 44.076 44.362 46.561 51.629 58.959 67.734 70.730 74.394 BETA 2
STATION 2A BETA 2A 3.295 3.639 4.079 3.698 0.962 -5.454 -8.315 -7.732 -7.284 BETA ZA
V 2 585.05 596.56 601.73 603.63 581.06 547.71 515.66 508.44 512.60 V 2
V 2A 467.79 472.92 477.62 479.74 439.68 413.10 380.87 379.98 391.28 V 2A
VZ 2 420.94 428.57 430.20 415.03 360.60 282.27 195.29 167.73 137.86 VZ 2
VZ 2A 467.02 471.85 476.39 478.69 439.52 411.08 376.67 376.31 387.85 VZ 2A
V-THETA 2 406.31 414.97 420.72 436.28 455.43 469.02 476.97 479.75 493.56 V-THETA 2
V-THETA 2A 26.69 31.66 33.97 30.94 7.38 -39.25 -55.05 -51.09 -49.57 V-THETA 2A
M 2 0.5150 0.5263 0.5314 0.5315 0.5093 0.4769 0.4463 0.4393 0.4421 M 2
H 2A 0.4092 0.4144 0.4189 0.4195 0.3624 C.357; 0.3275 0.3262 0.3354 n 2A
TURN(Pk) 40.691 40.236 40.263 42.861 5U.647 64.357 75.975 78.389 81.614 TUkNIPR)
P 2 1.937 19.091 19.156 19.14k 18.810 18.396 18.108 18.065 18.142 P 2
P 2A iL.535 15.568 18.592 16.563 16.207 17.995 17.783 17.782 17.877 P 2A
T 2 565.587 56%.e66 5b3.722 567.053 569.b36 573.965 577.660 579.025 581.262 T 2
T 2A 561.961 560.653 559.975 563.447 566.260 570.640 574.956 576.596 578.979 T 2A
CtD
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232. 72 Equivalent Weight Flow = 90. 59
Circumferential Distor:ion
Station 1 (316*) - Station 2 (306 0) .. Station 2A (2950)
ROTOR O PCT SPAN 94,99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.017 34.001 35.151 36.665 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -23.657 -22.52o -21.469 -20.439 -21.7t5 -24.021 -24.433 -24.721 -25.866 BETA 1
STATION 2 BETA 2 45.457 +6.214 49.203 48.501 55.704 61.720 74.846 79.057 85.154 BETA 2
BETA(PR) 1 69.878 66.90. 68.073 68.401 70.175 72.613 73.997 74.422 75.076 &ETAIPR) I
BETAIPR) 2 28.383 31.525 36.528 32.792 37.007 44.293 65.120 72.822 82.311 BETA(PRI 2
V 1 291.43 306.68 322.20 322.94 310.45 286.07 269.10 264.26 257.52 V I
V 2 562.23 537.84 506.01 552.12 541.77 525.88 475.70 460.12 457.01 V 2
VZ 1 266.94 283.28 299.84 302.61 288.34 261.27 244.96 240.01 231.67 VZ 1
VZ 2 394.37 358.38 330.62 365.81 305.20 249.03 124.33 87.33 38.61 VZ 2
V-THETA 1 -116.94 -117.49 -117.92 -112.77 -115.01 -116.44 -111.29 -110.50 -112.42 V-THETA I
V-THETA 2 400.71 401.03 383.06 413.52 447.48 462.89 459.05 451.69 455.36 V-THETA 2
VIPR) 1 775.9 789.2 803.0 822.1 850.2 874.3 888.6 893.7 899.5 V(PR) 1
V(PR) 2 448.3 420.4 411.4 435.2 382.4 348.3 295.7 295.8 288.5 V(PR) 2
VTHETA PkI -728.6 -736.6 -744.9 -764.3 -799.8 -634.4 -854.1 -60.9 -869.2 VTHETA PRI
VTHETA PRZ -213.1 -219.8 -244.9 -235.7 -230.0 -243.0 -268.1 -282.5 -285.9 VTHETA PRZ
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
N 1 0.2628 0.2766 0.2910 0.2917 0.2802 0.2579 0.2424 0.2380 0.2319 M 1
M 2 0.4903 0.4687 0.4400 0.4811 0.4709 0.4554 0.4098 0.3958 0.3924 M 2
NIPR) 1 0.6998 0.7122 0.7253 0.7425 0.7675 0.7883 0.8005 0.8050 0.8100 M(PR3 1
M(PK) 2 0.3909 0.3664 0.3578 0.3792 0.3323 0.3016 0.2547 0.2544 0.2478 M(PR) 2
TURN(PR) 41.496 37.438 31.546 35.611 33.187 28.378 8.950 1.660 -7.207 TURNIPR)
P 1 13.929 14.025 14.081 14.071 14.086 14.078 14.064 14.066 14.036 P 1
P 2 18.608 18.320 17.993 18.463 18.386 18.188 17.671 17.571 17.594 P 2
T 1 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T i
T 2 573.431 572.058 571.667 573.521 575.281 577.843 579.645 580.077 581.772 T 2
STATOk D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 45.457 46.214 49.203 46.503 55.704 61.720 74.846 79.057 85.154 BETA 2
STATION 2A BETA 2A 3.351 3.158 2.929 2.991 0.561 -8.232 -12.935 -12.724 -12.672 BETA ZA
V 2 562.23 537.44 506.01 552.12 541.77 525.86 475.70 460.12 457.01 V 2
V 2A 431.92 431.28 433.33 421.39 392.03 367.50 343.58 342.12 364.82 V 2A
VZ 2 394.37 358.38 330.62 365.81 305.20 249.03 124.33 87.33 38.61 VZ 2
VZ 2A 431.18 430.61 432.75 .420.78 391.93 363.58 334.70 333.54 355.69 VZ 2A
V-THETA 2 400.71 401.03 383.06 413.52 447.4 462.89 459.05 451.69 455.36 V-THETA 2
V-THETA eA 25.25 23.76 22.14 21.99 3.84 -52.60 -76.87 -75.31 -79.98 V-THETA 2A
M 2 0.4903 0.4687 U.4400 0.4811 0.4709 0.4554 0.4098 0.3958 0.3924 N 2
N 2A 0.3737 0.3736 0.3756 0.3641 0.3375 0.3151 0.2935 0.2921 0.3113 N 2A
TURNIPR) 42.105 45.055 46.274 45.510 55.124 69.898 87.725 91.733 97.798 TURNIPRI
P 2 18.608 18.320 17.993 18.463 18.386 18.188 17.671 17.571 17.594 P 2
P 2A 18.137 1d.112 18.115 17.987 17.764 17.612 17.539 17.562 17.715 P 2A
T 2 573.431 572.056 571.667 573.521 575.281 577.843 579.645 580.077 581.772 T 2
T 2A 571.389 569.971 569.619 572.055 574.237 577.420 579.892 580.627 582.510 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D. Rotor D - Stator D
Percent Equivalent Rotor Speed = 100.54 Equivalent Rotor Speed = 4232.72 Equivalent Weight Flow = 90.59
Circumferential Distortion
Station 1 (346*) - Station 2 (336 ) - Station 2A (325 )
ROTOR U PCT SPAN ,*.99 90.00 64.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.23, 33.b17 34.001 35.151 36.685 36.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -11.179 -10.560 -10.196 -10.048 -10.115 -9.670 -9.355 -9.276 -10.320 BETA 1
STATION 1 BETA 2 51.969 53.427 53.687 50.400 50.065 50.307 52.765 57.688 62.812 BETA 2
BETA(PR) 1 64.456 63.265 63.027 63.412 64.746 65.444 66.434 68.093 71.960 BETA(PR) 1
BETAIPR) 2 31.449 34.045 40.548 35.410 33.474 38.581 47.852 52.790 58.566 BETAIPR) 2
V 1 329.05 350.09 356.87 363.42 358.31 360.89 353.87 327.32 266.35 V 1
V 2 527.11 514.95 478.46 530.55 568.93 552.37 497.07 474.47 453.20 V 2
VZ 1 322.80 344.15 351.23 357.84 352.72 355.72 349.10 322.99 262.01 VZ 1
VZ 2 324.74 306.83 283.34 338.17 365.10 352.48 300.39 253.34 206.90 VZ 2
V-THETA 1 -63.79 -64.16 -63.17 -63.41 -62.93 -60.61 -57.51 -52.76 -47.71 V-THETA 1
V-THETA 2 415.18 413.55 365.54 408.78 436.11 424.67 395.25 400.56 402.80 V-THETA 2
VIPR)I 1 748.6 765.0 774.4 799.5 826.8 856.0 873.2 865.7 846.1 V(PR) 1
V(PR) 2 380.7 170.3 372.9 414.9 437.9 451.5 448.3 419.5 397.2 V(PR) 2
VTHETA PR1 -675.4 -683.2 -690.1 -715.0 -747.7 -778.5 -800.3 -803.2 -804.5 VTHETA PRI
VTHETA PR2 -198.6 -207.3 -242.4 -240.4 -241.4 -281.2 -331.9 -333.6 -338.5 VTHETA PR2
U 1 611.65 619.07 626.96 651.56 684.82 717.92 742.83 750.40 756.76 U 1
U 2 613.79 620.86 627.95 649.19 677.52 705.86 727.13 734.21 741.30 U 2
M 1 0.2973 0.3167 0.3230 0.3290 0.3243 0.3267 0.3202 0.2957 0.2399 N 1
M 2 0.4591 0.4485 0.4161 0.4628 0.4975 0.4819 0.4314 0.4110 0.3916 A 2
M(PR) 1 0.6764 0.6921 0.7008 0.7238 0.7483 0.7748 0.7901 0.7821 0.7622 MnPR) 1
M(PR) 2 0.3315 0.3225 0.3243 0.3620 0.3829 0.3939 0.3891 0.3634 0.3431 M(PR) 2
TURN(PR) 33.007 29.221 22.479 28.004 31.290 26.919 18.676 15.405 13.493 TURN(PR)
P 1 13.844 13.969 13.979 13.967 13.958 13.968 14.013 13.917 13.717 P 1
P 2 18.146 17.944 17.605 18.157 18.687 18.541 17.911 17.712 17.562 P 2
T 1 51b.699 518.699 518.699 518.699 518.699 518.699 518.699 516.699 518.699 T 1I
T 2 571.686 570.601 569.395 570.265 571.244 572.179 572.964 573.239 574.564 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION 2 BETA 2 51.969 53.427 53.667 50.400 50.065 50.307 52.765 57.688 62.812 BETA 2
STATION 2A BETA 2A 3.555 1.400 -0.289 -0.390 1.604 -1.456 -2.715 -2.172 -1.866 BETA 2A
V 2 527.11 514.95 478.46 530.55 568.93 552.37 497.07 474.47 453.20 V 2
V 2A 383.61 381.39 379.66 391.60 401.45 390.81 355.30 349.03 358.15 V 2A
VZ 2 324.74 306.83 283.34 338.17 365.10 352.48 300.39 253.34 206.90 VI 2
VZ 2A 362.87 361.27 379.64 391.55 401.20 390.54 354.72 348.56 357.71 VZ 2A
V-THETA 2 415.18 413.55 385.54 408.76 436.11 424.67 395.25 400.56 402.80 V-THETA 2
V-THETA 2A 23.79 9.32 -1.91 -2.67 11.23 -9.93 -16.82 -13.22 -11.65 V-THETA 2A
N 2 0.4591 0.4485 0.4161 0.4628 0.4975 0.4819 0.4314 0.4110 0.3916 M 2
M 2A 0.3310 0.329i 0.3280 0.3363 0.3467 0.3368 0.3054 0.2998 0.3074 M 2A
TURN(PR) 46.413 52.026 53.976 50.786 b4.441 51.703 55.383 59.760 64.585 TURN(PR)
P 2 18.148 17.944 17.605 18.157 16.687 18 .541 17.911 17.712 17.562 P 2
P 2A 17.883 17.874 17.855 17.91b 17.978 17.90k 17.70j 17.685 17.744 P 2A
T 2 571.686 570.601 569.395 570.265 571.244 572.179 572.964 573.239 574.564 T 2
T 2A 571.281 570.480 569.379 570.371 571.443 572.931 573.865 574.156 575.677 T 2A
--I
Table A-8. Blade Element Performance .(Continued)Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79.78
Circumferential Distortion
Station 1 (16') - Station 2 (6 °) - Station 2A (355 °)
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.23* 33.617 34.001 35.151 36.685 36.219 39.371 39.754 40.136 DIASTATION I BETA I -.. 358 -3.53a 
-3.473 
-3.407 -2.j99 -2.207 -k.237 
-2.243 -2.251 BETA 1STATION 2 BETA 2 54.976 54.979 54.271 51.b02 50.075 48.934 51.774 55.819 59.100 BETA 2
BETAIPRK) 1 64.811 02.89s 62.380 63.297 63.115 65.068 65.950 67.072 68.006 BETA(PR) 1BETA(PR) 2 16.868 17.757 26.664 33.209 36.671 36.239 41.392 46.243 47.905 BETA(PR) 2
V 1 263.06 291.05 301.30 300.45 315.19 301.93 299.79 286.78 275.95 V 1V 2 536.66 549.65 503.28 484.12 483.32 507.64 485.62 461.48 461.77 V 2VZ 1 262.62 190.49 300.75 299.92 314.90 301.66 299.50 286.51 275.71 VZ 1
VZ 2 307.96 315.4j 293.99 300.29 310.09 333.18 300.09 258.95 236.89 VZ 2
V-THETA 1 -15.41 -17.96 -18.25 -17.86 -13.19 -11.63 -11.70 -11.22 
-10.84 V-THETA 1V-THETA 2 439.46 450.12 408.56 379.71 370.54 382.39 380.99 3b6131 395.82 V-THETA 2V(PR) 1 617.0 637.5 648.7 667.4 696.4 715.6 734.9 735.5 736.2 V4PR) 1V(PR) 2 325.5 331.2 329.4 358.9 386.8 413.7 400.8 375.1 354.0 VIPR) 2VTHETA PRI -558.4 -567.5 -574.8 -596.2 
-621.1 -648.9 -671.1 
-677.3 -682.6 VTHETA PRI
VTHETA Pk2 -105.4 -101. -148.9 -196.6 -230.9 
-244.2 -264.5 -270.4 -262.2 VTHETA PR2
U 1 542.95 5'9.5* 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U IU Z 544.86 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2M 1 0.2370 0.2625 0.2719 0.2711 0.2646 0.2724 0.2705 0.2586 0.2487 N 1
M 2 0.4732 0.4860 0.4441 0.4263 0.4254 0.4490 0.4270 0.4047 0.4048 N 2
MIPR) 1 0.5556 C.5750 0.5853 0.6022 0.6288 0.6457 0.6631 0.6631 0.6635 N(PR) 1
M(PR) 2 0.2870 0.2929 0.2907 0.3161 0.3405 0.3658 0.3524 0.3290 0.3103 M(PR) 2
TURN(PR) 45.923 .5.136 35.516 30.090 26.6o3 28.884 24.652 20.935 20.211 TURN(PR)P 1 13.906 14.003 14.031 14.006 14.073 14.036 14.067 14.007 13.957 P 1P 2 18.03- 18.162 17.726 17.623 17.745 1b.0'8 17.835 17.630 17.637 P 2T 1 518.699 51b.699 518.699 518.699 516.699 518.699 518.699 518.699 518.699 T 1T 559.149 557.329 555.546 556.15* 556.574 553.470 557.905 558.742 559.346 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 3G.00 15.00 10.00 5.00 PCT SPANulIA 33.207 33.564 33.921 34.992 36.-20 37.848 38.919 39.276 39.633 DIASTATION 2 BETA 2 54.976 54.979 54.271 51.662 50.075 48.934 51.774 55.819 59.100 BETA 2STATION ZA bETA 2A 2.921 1.628 -0.762 
-2.030 U..52 1.693 -.995 5.004 4.927 bETA 2AV 2 526.66 549.65 503.28 484.12 483.32 507.64 485.62 461.48 461.77 V 2V 2A 358.90 349.Ub 340.79 363,86 377.86 382.01 376.71 361.83 368.01 V 2AVZ 2 3G7.98 315.43 293.89 300.29 310.09 .33.18 300.09 258.95 236.89 VZ 2VL 2A 356.43 349.73 340.75 363.61 377.77 381.70 375.61 360.2' 366.39 VZ 2AV-THETA 2 439..8 450.12 406.56 379.71 370.54 38.j9 380.99 381.31 395.82 V-THETA 2V-THETA 2A 16.29 9.94 -o.53 -12.89 2.32 11.28 26.23 31.54 31.58 V-THLTA 2AM 2 0.732 0.4860 0.4 441 0.4263 0.4254 0.4490 0.4270 0.4047 0.4048 M 2M 2A 0.3121 0.3046 0.2970 u.3172 0.3295 0.334C 0.3281 0.3146 0.3199 M 2ATURN(Pk) 5d.050 53.350 55.{33 53.669 4v.703 .7.182 47.685 50.716 54.077 TURN(PR)P 2 16.034 16.182 17.726 17.623 17.745 16.048 17.635 17.630 17.637 P 2
P 2A 17.4,2 17.339 17.26 17..41 17.531 17.571 17.518 17.431 17.457 P ZAT 2 559.149 551.3;9 555.546 556.15o 55o.57, 553.470 557.905 556.742 559.346 T kT 2A 560.9t2 559.304 557.722 556.581 559.232 t56.630 560.063 561.267 561.924 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed - 3757.35 Equivalent Weight Flow 79. 79
Circumferential Distortion
Station 1 (46 ° ) - Station 2 (36 ) - Station 2A (25 ° )
ROuIR U PCT SPAN 94.99 90.00 8%.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
LiA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION I bETA 1 5.040 4.746 5.187 3.942 4.784 j.944 3.681 3.751 5.702 BETA 1
STATION z bETA 2 49.042 46.729 4o.012 44.062 43.327 42.160 44.531 47.568 51.898 BETA 2
BETAIPR) 1 54.985 53.492 53.514 54.825 55.349 57.765 60.460 62.442 65.402 BETA(PR) 1
BETAIPR) 2 26.487 27.396 28.466 33.167 35.579 38.081 41.793 45.011 46.452 BETA|PR) 2
V I 359.66 384.54 387.30 389.67 398.60 389.81 361.35 336.90 294.54 V I
V 2 503.b5 508.73 508.59 494.65 49bo66 501.03 483.07 462.04 458.91 V 2
VZ 1 358.26 383.21 385.71 368.75 397.19 389.25 360.54 336.12 293.05 VZ 1
Vi 2 330.14 348.71 353.22 355.44 362.61 370.97 343.76 311.20 282.75 VZ 2
V-THETA I 31.6u 31.82 35.01 26.79 33.24 20.02 23.19 22.04 29.26 V-THETA I
V-THETA 2 360.35 370.41 365.92 343.99 342.03 335.90 338.18 340.43 360.58 V-THETA 2
V(PR) 1 624.4 644.1 648.7 674.8 698.6 729.8 731.3 726.5 706.2 V(PR) 1
V(PR) 2 368.9 392.8 401.8 424.6 446.1 471.9 462.0 441.0 411.2 VIPR) 2
VTHETA PRI -511.4 -517.7 -521.5 -551.6 -574.7 -617.3 -636.2 -644.1 -642.5 VTHETA PRI
VTHEIA PR2 -164.5 -180.7 -191.5 -232.3 -259.4 -290.7 -307.3 -311.3 -297.5 VTHETA PR2
U 1 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.8b 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
n 1 0.3255 0.3486 0.3512 0.3534 0.3617 0.3535 0.3271 0.3045 0.2657 N 1
N 2 0.4470 G.4523 0.4528 0.4397 0.4433 0.4461 0.4284 0.4088 0.4055 n 2
M(PR) 1 0.5651 0.5839 0.5881 0.6119 0.6338 0.6618 0.6620 0.6568 0.6370 N(PR) 1
M(PR) 2 0.3273 U.3492 0.3577 0.3775 0.3966 0.4201 0.4097 0.3902 0.3633 M(PR) 2
TUNNIPR) 28.498 26.096 25.046 21.660 19.788 19.739 18.760 17.537 19.140 TURN(PR)
P 1 14.639 14.802 14.612 14.838 14.894 14.902 14.795 14.690 14.521 P 1
P 2 17.752 17.836 17.857 17.77b 17.912 17.996 17.866 17.685 17.663 P 2
T 1 518.699 518.699 518.o99 518.699 51b.699 518.699 51b.699 518.699 516.699 T 1
T 2 549.507 547.979 546.590 547.02- 5-7.167 >45.910 !48.555 549.316 550.451 T 2
STATOR D - PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.GO 5.00 PCT SPANDIA 33.207 33.564 33.921 34.992 36.420 37.848 36.919 39.276 39.633 DIA
STATION 2 bETA 2 49.042 0t..729 46.Ci2 -4.06e 43.327 42.160 44.531 47.568 51.898 BETA 2
STATION ZA bETA 2A 3.436 2.821 1.576 0.el3 1.476 2.905 4.509 5.311 5.312 BETA 2A
V 2 503.65 5u8.73 508.59 494.65 498.66 501.03 483.07 462.04 458.91 V 2
V 2A 360.Cu 355.34 347.27 370.89 374.56 385.37 364.36 356.36 353.94 V A6
VI 2 330.14 348.71 353.22 355.44 362.61 370.97 343.76 311.20 282.75 VZ 2
VZ 2A 359.35 354.90 347.12 370.63 '74.35 3b4.73 363.05 354.63 352.17 VZ ZA
V-THEIA 2 360.15 17041 369.92 -43.99 342.03 335.90 338.18 340.43 360.58 V-THETA 2
V-THETA zA L1.5b 17.49 9.55 3.97 9.5 19.52 28.63 32.97 32.74 V-THETA 2A
M 2 0.447; ,.4523 G.4528 0.4397 0.4433 0.4461 0.4284 C.4088 0.4055 N 2
P. A 0.3164 0.3127 0.3058 0.3270 0.33uz 0.340C 0.3206 0.3132 0.3107 n 2A
TUKN(PF) 45.c05 -*.907 44.436 4*.441 41.831 39.196 j9.9z5 42.151 46.480 TURNIPRI
P L 17.752 17.L6 il7.t57 17.71d 11.912 11.996 17.866 17.685 17.663 P 2
P -A 17.47, 17.lId 17.3d4 17.,*4 17.953 17.626 17.461 17.406 17.395 P 2A
T 2 4v.bu7 -,.1.979 4t.59G 547.U2k 547.167 5.9Y0 54b.555 549.316 550.451 T 2
D T ZA 549.4.3 47.923 546.574 54b.94o 547.012 546.954 548.526 549.175 550.527 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79. 78
Circumferential Distortion
Station 1 (76*) - Station 2 (66*) - Station 2A (55 ° )
ROGTL u PCT SPAN 9,.99 90.00 o0.99 70.ou 50.00 3U.00 14.98 9.99 4.98 PCT SPAN
DIA 33.414 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATIUN I bETA 1 3.6b9 3.160 2.,5 1.73b 1.661 1.782 1.785 2.156 3.355 BETA 1
STATION 4 bETA 2 .6.26. 44.4t5 43.131 4k.13 40.725 4U.037 41.718 45.477 49.029 bETA 2
BETA(PR) 1 56.04b 56.157 57.936 55.6*o 57.133 58.921 62.114 62.659 64.525 bETA(PR) 1
EETAIPk) 2 25.556 2o.107 26.427 28.734 34.057 36.497 39.316 42.340 46.705 BETA(PR) 2
V i 326.23 330.50 340.50 387.50 385.73 377.28 343.50 33u.13 311.93 V 1
V 2 517.37 525.51 532.73 534.99 516.59 518.58 506.53 483.01 454.76 V 2
VZ I 3,5.55 329.99 340.23 387.32 385.55 377.05 343.27 )37.84 311.36 Vz 1
VZ 2 357.67 376.45 388.78 396.91 391.34 396.55 377.36 338.05 294.09 VZ 2
V-THETA 1 20.99 18.22 13.42 11.74 11.18 11.73 10.70 12.73 18.25 V-THETA 1
V-THETA 2 373.81 366.66 364.21 358.67 336.90 333.18 336.43 343.72 345.91 V-THETA 2
V(PR) 1 615.2 625.5 o40.9 686.4 710.5 730.4 734.0 735.6 723.9 V(Pk) 1
V(PR) 2 j96.5 419.2 434.2 452.7 472.6 494.0 488.8 458.3 429.6 V(PR) 2
VTHETA PRI -522.0 -531.3 -+s-3.1 -566.6 -596.7 -625.6 -648.7 -653.4 -653.5 VTHETA PRI
VTHETA PR2 -171.0 -164.5 -193.2 -217.6 -264.5 -293.4 -309.0 -308.0 -312.1 VTHETA PR2
U 1 542.95 549.54 55o.54 578.36 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.86 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
M 1 0.2947 0.2987 0.3079 0.3513 0.3497 0.3419 0.3106 0.3057 0.2816 N 1
M 2 0.4577 0.4660 0.473- 0.4753 0.4580 0.4617 0.4482 0.4263 0.4003 M 2
M(PR) 1 0.5558 0.5652 0.5795 0.6223 0.6441 0.6618 0.6637 0.6650 0.6535 M(PR) 1
M(PR) 2 0.3507 U.3717 0.3858 U.40z2 0.4190 0.4398 0.4325 0.4045 0.3782 MnPR) 2
TURN(PR) 32.490 32.C51 31.509 26.914 23.094 22.478 22.891 20.424 17.930 TURN4PR)
P 1 14.602 14.632 14.681 14.936 14.942 14.894 14.782 14.767 14.651 P 1
P 2 17.974 18.06b 18.173 18.240 16.112 b1.206 18.108 17.889 17.656 P 2
T 1 510.699 518.699 518.099 518.699 518.699 516.699 518.o99 518.699 51b.699 T 1
T 2 554.t7 552.0bU 550.539 051.060 551.olo 547.433 552.747 553.697 554.206 T 2
STATOR D PCT SPAN 95.00 9O.CO 65.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
UIA 33.207 33.564 33.921 34.992 3b.420 37.b48 38.919 39.276 39.633 DIA
STATION i ELTA 2 46.264 44.245 43.131 '2.103 4u.725 40.037 41.718 45.477 49.629 BETA 2
STATION LA bETA 2A 3.650 3.78b 3.472 2.742 2.341 3.432 4.333 4.985 5.170 BETA ZA
V 2 517.37 525.51 532.73 534.99 516.59 35!.58 506.53 483.01 45*.78 V 2
V ZA 392.19 3b5.61 378.19 410.39 430.03 435.13 410.59 392.57 385.87 V 2A
VZ 2 357.67 317.45 368.76 396.91 391.3- 396.55 377.36 338.05 294.09 VZ 2
VZ LA 391.31 384.78 377.49 409.87 429.58 434.19 409.21 390.86 384.03 VZ 2A
V-THETA 2 373.81 3o6.66 3o4.21 35b.67 336.90 333.18 336.43 343.72 345.91 V-THETA 2
V-THETA 2A et.33 25.46 22.90 19.63 17.56 26.04 31.01 34.09 3,.79 V-1HETA 2A
M 2 0 *;77 U.4660 0.473t 0.4753 U.4580 0.4617 0.#4482 0.4263 0.4003 M 2
M IA 0.3444 0.3.90 0.332b 0.3617 u.3793 0.3b83 0.3613 0.3448 0.3386 M 2A
TluNIPK) 42.413 0.458 39.o59 39.35t 3j.36. s6.5-7 37.289 40.385 44.3j6 TUkN(Pk)P 2 17.974 1o.068 16.173 18.240 10.112 1L.208 18.108 17.889 17.656 P 2
P 2A 17.75o 17.112 11.,72 17.ag8 lb.C3O lb.070 17.b29 17.702 17.647 P 2A
T 2 5.0o7 -5Z.260 350.539 551.60 551.01oo 37.433 552.747 553.697 554.206 T 2
T eA 552.525 s50.823 >49.Z14 549.761 350.174 540.386 551.331 552.285 552.901 7 ZA
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89. 25 Equivalent Rotor Speed - 3757.35 Equivalent Weight Flow = 79.78
Circumferential Distortion
Station 1 (106') - Station 2 (96 ) - Station 2A (85 )
ROTk 0 PCT SPAN 9.99 9.4.99 4.99 70.00 50.00 o0.00 14.98 9.99 4.98 PCT SPAN
dIA 33.23k 3.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION 1 bLTA I 1.676 2.203 2.637 2.645 1.529 2.278 0.841 1.159 0.451 BETA 1
STATION i bEIA 2 #5.265 43.69o 4Z.603 41.758 40.743 39.738 41.014 43.965 47.012 BETA 2
bETAIPR) 1 59.464 57.665 56.184 55.254 57.138 56.858 62.112 62.967 68.540 BETA(PR) 1
bETA(PR) 2 24.494 27.584 28.224 30.858 33.627 36.555 39.627 42.849 47.000 BETAIPR) 2
V 1 314.74 339.87 361.27 388.29 386.20 376.38 346.37 336.54 263.29 V 1
V 2 528..7 515.76 519.38 518.41 520.24 518.73 504.85 479.52 450.71 V 2
VZ 1 31+.60 339.61 360.83 387.82 386.04 376.03 346.27 336.41 263.25 VZ 1
VZ 2 371.95 372.91 381.06 386.69 393.99 398.39 380.18 344.46 306.75 VZ 2
V-THETA 1 9.22 13.06 17.88 19.27 10.30 14.96 5.08 6.81 2.07 V-THETA 1
V-THETA 2 375.40 356.31 352.90 345.23 339.40 331.20 330.65 332.23 329.09 V-THETA 2
V(PR) 1 619.o 634.9 646.3 680.4 711.5 727.1 740.3 740.2 719.6 VIPR) 1
V(PR) 2 406.7 420.7 432.5 450.5 473.4 496.6 494.6 470.8 450.6 V(PR) 2
VThETA PRI -533.7 -536.5 -536.7 -559.1 -597.6 -622.3 -654.3 -659.3 -669.7 VTHETA PR1
VIHETA PR2 -169.5 -194.8 -204.5 -231.0 -262.0 -295.4 -314.8 -319.5 -329.0 VTHETA PR2
U 1 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.bo 551.13 557.43 576.26 601.43 626.58 645.47 651.75 658.04 U 2
M 1 0. 842 0.3073 0.3270 0.3521 0.3501 0.3410 0.3133 0.3042 0.2371 H 1
M 2 0.4664 0.4574 0.4616 0.4605 U.4619 0.4609 0.4470 0.4236 0.3969 N 2
M(PR) 1 0.5594 0.5741 0.5869 0.6170 0.6450 0.6588 0.6696 0.6691 0.6481 N(PR) 1
M(PR) 2 0.3623 0.3731 0.3843 0.4002 0.4203 0.4413 0.4380 0.4159 0.3968 M(PR) 2
TURN(PR) 34.990 30.081 27.960 24.397 23.529 22.356 22.578 20.224 21.651 TURN(PRI
P 1 14.491 14.620 14.743 14.902 14.881 14.883 14.796 14.771 14.476 P 1
P 2 16.152 18.037 18.094 18.125 18.217 18.269 18.176 17.941 17.694 P 2
T 1 518.699 51b.699 516.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 553.011 551.200 549.355 549.759 550.490 549.423 551.999 552.493 553.616 T 2
STATOk 0 PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION . BETA 2 45.265 43.696 42.803 41.758 40.743 39.738 41.014 43.965 47.012 BETA 2
STATION 2A bETA 2A 3.939 >.670 3.517 2.635 2.355 3.162 4.152 4.919 5.5786 BETA 2A
V ; 528.47 515.78 519.38 518.41 520.24 518.73 504.85 479.52 450.71 V 2
V 2A 410.95 4u0.97 396.85 423.93 437.83 447.09 411.32 393.39 386.96 V ZA
VZ 2 371.95 372.91 381.06 386.69 393.99 398.39 380.18 344.46 306.75 VZ 2
VZ LA 4,9.98 400.U4 396.09 423.44 437.36 446.24 410.03 391.72 384.65 VZ 2A
V-THtTA 2 375.40 -56.31 35e.90 345.23 339.40 331.20 330.65 332.23 329.09 V-THETA 2
v-THEIA 2A z6.Z .7.06 24.34 19.49 17.99 24.65 29.77 33.71 37.59 V-THETA 2A
M 2 0.4684 0.4574 0.4616 0.4605 0.4619 0.4609 0.4470 0.4236 0.3969 M 2
M 2A 0.3608 u.35:4 0.3493 0.37b 0.3861 0.3945 0.3a16 0.3453 0.3391 n 2A
TUFN(Fv) 41.325 9.i25 39.286 39.121 3b.366 36.516 36.766 38.939 41.326 TURNIPR)
P 2 18.152 18.037 18.094 18.125 16.217 18.269 18.176 17.941 17.694 P 2
P LA 17.915 17.646 17.821 1.022 1.lil Ib1.139 17.865 17.744 17.687 P 2A
T - 553.011 551.4UU 549.155 549.759 ,50.490 549.423 551.999 552.493 553.616 T 2
T 2A 53.93 552.009 1550.250 550.317 550.979 551.177 552.550 552.979 554.260 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed - 3757.35 Equivalent Weight Flow = 79. 78
Circumferential Distortion
Station 1 (1360) - Station 2 (126*) - Station 2A (115")
ROTOR 0 PCT SPAN V..99 O9.u 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.136 DIA
STAIION I BETA I 3.683 J.036 2.443 1.623 2.242 2.536 2.104 2.602 2.482 BETA 1
STATION 2 bETA 2 46.331 +4.b59 43.475 42.177 42.059 40.891 42.434 46.296 49.113 BETA 2
BETAIPR) 1 5 0.9L8 56.617 55.#17 55.630 57.011 58.683 61.505 62.787 62.898 BETAIPR) I
bETA(PR} 2 24.572 28.566 29.714 29.729 33.736 37.255 40.762 41.848 45.976 BETAPR) 2
V 1 315.74 350.39 373.06 385.37 385.15 377.98 351.07 335.11 336.68 V 1
V 2 524.30 505.75 505.75 526.49 516.13 510.21 493.29 486.65 459.90 V 2
VZ 1 315.08 3.9.89 372.72 385.21 384.83 377.56 350.76 334.71 336.33 VZ I
VZ 2 362.07 360.17 367.01 390.15 383.06 385.23 363.39 335.63 300.53 VZ 2
V-THETA i 20.2b 18.56 15.90 10.91 15.07 16.72 13.25 15.21 14.58 V-THETA 1
V-TH8TA 2 379.30 355.04 347.97 353.48 345.62 333.59 332.22 351.16 347.10 V-THETA 2
V(PR) 1 610.3 635.9 656.7 685.9 706.8 726.4 735.2 732.0 738.3 VIPRI 1
VIPR) 2 398.1 410.1 422.6 449.3 460.9 484.6 480.7 451.5 433.3 VIPR) 2
VTHETA PRI -522.7 ->31.0 -540.6 -567.5 -592.8 -620.6 -646.2 -650.9 -657.2 VTHETA PRI
VTHETA PR2 -165.6 -196.1 -209.5 -222.8 -255.8 -293.0 -313.2 -300.6 -310.9 VTHETA PR2
Ui 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 5*4.86 551.13 557.43 576.26 601.43 626.58 645.47 651.75 658.04 U 2
M I 0.2851 0.3170 0.3379 0.3494 0.3492 0.3425 0.3176 0.3029 0.3043 I1
M 2 0.4654 0.4489 0.4497 0.46b3 0.4583 0.4549 0.4367 0.4303 0.4056 M 2
M(Pk) 1 0.5511 0.5753 0.59*9 0.6218 0.6408 0.6582 0.6652 0.6616 0.6674 M(PR) 1
M(PRI 2 0.3534 0.3640 0.3757 0.3997 0.4093 0.4321 0.4256 0.3993 0.3621 M(PR) 2
TURN(PR) 34.346 28.051 25.703 26.103 23.293 21.483 20.837 21.045 17.031 TURNIPRI
P 1 14.533 14.727 14.869 14.931 14.948 1&.933 14.825 14.743 14.775 P 1
P 2 18.150 17.981 17.994 le.252 18.218 18.247 18.093 18.056 17.809 P 2
T 1 51.699 51-.699 518.699 518.oV9 51k.699 518.699 518.699 518.699 518.699 T I
T 2 551.065 549.543 547.634 549.008 549.854 545.246 551.156 551.904 552.534 T 2
STATOR 0 PCT SPAN 95.00 90.00 85.00 7C.00 !0.00 30.00 15.00 10.00 5.00 PCT SPAN
lIA 33.207 33.564 33.921 34.992 36.420 37.84s 38.919 39.276 39.633 DIA
STATION i BETA 2 46.331 "4.569 43.475 42.177 42.059 ,40.891 42.434 46.296 49.113 bETA 2
STATION LA 'ETA 2A 3.927 >.o82 3.435 2.411 2.283 3.009 4.040 4.909 5.739 BETA 2A
V 2 524.38 505.75 505.75 526.49 516.13 510.21 493.29 486.65 459.90 V 2
V 2A 396.36 339.52 379.39 #10.33 430.29 434.96 407.06 385.65 379.88 V 2A
VZ 2 362.07 360.17 367.01 390.15 383.U0 385.23 363.39 335.63 300.53 VZ 2
VZ ZA 3,5.95 368.62 376.70 409.92 429.85 434.20 405.84 384.01 377.71 VZ 2A
V-THETA 2 379.30 355.04 347.97 35..48 .35.2 333.59 332.22 351.16 347.10 V-THETA 2
V-1HtA 2A 27.15 Lo.j7 22.73 17.zo 17.14 i2.8L 28.6o 32.98 37.96 V-THETA 2A
M 2 0.4o54 0.44 9 0.4497 0.4683 G.4bb3 0.4549 0.4367 0.4303 0.4056 M 2
M 2A 0.. fts 0.3.28 0.3343 0.3619 0.3797 0.3854 0.3582 0.3367 0.3333 N 2A
TuKN(PR) 42.*03 4U.706 40.040 39.764 39.756 37.823 38.297 41.280 43.267 TURN(PR)
P L 18.150 17.981 17.994 18.252 16.218 16.247 16.093 18.056 17.809 P 2
P LA 17.oe~ 17.818 17.747 17.9e0 1b.o99 1l.130 17.671 17.719 17.66b P 2A
T 2 5513GOe ,9.54 %547., 549.O t. W9.954 545.24c 51.15 551.904 55i.534 T 2
T 2A 551.5Lv 54'.Vll1 547.971 549.014 549.917 545.865 551.240 551.952 552.b55 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89. 25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79. 78
Circumferential Distortion
Station 1 (166 ) - Station 2 (156 ) - Station 2A (145 )
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 3.23" 33.b17 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION I .LTA 1 4.06 * 4.026 4.080 3.993 3.770 3.172 2.969 2.948 4.140 BETA 1
STATION 2 bETA 2 4c.651 45.107 44.u89 42.7u 41.324 40.316 41.817 44.518 48.675 BETA 2
bETAIPR) 1 57.273 55.53 54.161 55.128 56.804 58.541 62.432 64.417 67.091 BETA(PRI IbtTA(Pk) 2 25.735 27.364 2b.435 32.0bl 34.246 36.663 40.228 43.062 47.213 BETA(PR) 2
V I 339.55 366.95 383.25 3b5.31 3d2.15 377.75 335.69 311.70 276.21 V 1
V 2 514.96 513.31 513.90 506.02 513.56 516.52 498.55 477.53 450.13 V 2
Vz 1 333.70 36.04 382.28 384.37 381.30 377.12 335.18 311.23 275.46 VZ 1
VZ 2 353.49 362.2.8 369.11 371.38 385.52 393.35 370.85 339.83 296.73 VZ 2
V-THETA 1 23.71 e5.76 27.27 26.83 25.13 20.90 17.38 16.03 19.94 V-THETA 1
V-1HtTA 2 374.47 363.64 357.56 343.66 338.98 333.78 331.77 334.16 337.46 V-THETA 2
V(Pk) 1 617.2 639.0 652.9 672.3 696.5 722.6 724.3 720.8 707.7 V(PR) 1
V(PR) 2 392.4 407.9 419.8 438.2 466.6 491.0 486.7 466.1 437.6 V(PR) 2
VTHETA PR1 -519.2 -523.8 -529.3 -551.6 -582.8 -616.4 -642.0 -650.1 -651.8 VTHETA PR1
VTHETA PR2 -170.4 -187.5 -199.9 -232.6 -262.5 -292.8 -313.7 -317.6 -320.6 VTHETA PR2
U 1 542.95 5+9.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.86 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
n 1 0.3024 0.3323 0.3474 0.3493 0.3464 0.3423 0.3034 0.2814 0.2489 M 1
M 2 0.4560 u0.553 0.4565 0.4489 0.4556 0.4586 0.4410 0.4215 0.3961 N 2
N(PR) I 0.5579 0.5786 0.5918 0.6095 0.6312 0.6548 0.6547 0.6507 0.6378 M(PR) 1
MIPR) 2 0.3475 u.361b 0.3729 0.3888 0.4139 0.4360 0.4305 0.4114 U.3851 n(PR) 2
TURN(PR) 31.5386 1.689 25.726 23.068 22.576 21.932 22.298 21.461 19.968 TURN(PR)
P 1 14.641 14.821 14.924 14.923 14.917 14.925 14.743 14.653 14.543 P 1
P 2 1b.006 18.012 18.033 18.006 18.142 18.251 18.111 17.930 17.686 P 2
T 1 516.699 516.699 518.699 518.699 518.699 516.699 518.699 518.699 518.699 T 1
T . 552.708 550.b61 %49.300 550.142 550.801 550.000 552.489 553.001 554.229 T 2
STATOR 0 PCT SPAN 95.00 90.00 8!.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.,u7 33.5t4 33.921 34.992 36.420 37.846 38.919 39.276 39.633 DIA
STATI71N 2 LETA 2 'b.6> 4.107 44.089 42.780 41.324 40.316 41.817 44.518 48.675 BETA 2
STAIION 2A OLTA 2A 1.764 3.936 3.494 2.445 2.222 3.404 4.186 5.069 5.299 BETA ZA
V e 514.96 513.31 513.90 506.02 513.56 516.52 498.55 477.53 450.13 V 2
V 2A .68.57 137.59 373.82 412.79 430.97 444.17 407.49 91.06 383.13 V 2A
Vi 2 353.49 362.2d 369.11 371.38 365.52 39..35 370.85 339.86 296.73 Vz 2
VZ 2A 3t7.73 317.69 373.11 412.37 "30.55 443.22 406.19 389.31 381.22 VZ 2A
V-THETA i 374.-7 363.f, 357.50 343.66 338.98 333.78 331.77 334.16 337.46 V-THETA 2
V-THETA2A 25.51 Z5.99 22.78 17.o1 16.71 26.36 29.73 34.53 35.36 V-THETA 2A
M 4 C.4560 0.4553 0.4565 0.4489 0.4556 0.4586 0.4410 0.4215 0.3961 N 2
n 2A C.>4i2 0.332e 0.3289 0.3638 0.3800 0.3919 0.3582 0.3433 0.3357 N 2A
TURNIP<) 4e.b 41.170 40.595 40.333 j9.082 3o.854 37.535 39.34Z 43.268 TURN(PR)
P 2 16.006 18.012 18.033 18.006 18.142 18.251 18.111 17.930 17.686 P 2
P :A 17.817 i7.74L 17.714 17.962 18.115 18.20b 17.885 17.760 17.700 P 2A
S55.7 55-. 0 S5u. bl 549.j00 55U.14 55u.b01 550.U00 552.489 553.001 554.229 T 2
T kA 552. 52 55u.55e 549.040 550.015 550.779 550.96 552.49C 552.632 554.191 T 2A
3
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator DPercent Equivalent Rotor Speed = 89. 25 Equivalent Rotor Speed = 3757. 35 Equivalent Weight Flow = 79. 78
Circumferential Distortion
Station 1 (1960) - Station 2 (1860) - Station 2A (175*)
kDTLCK u PCT 3PAN 9.9 0.00 84.99 70.00O 50.00 30.00 14.98 9.99 4.96 PCT SPAN
lJA 33.23 33.617 34.C01 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATIUN I bETA 1 t.2,45 5.32U 4.691 4.e58 4.749 4.240 5.159 5.205 5.759 BETA 1
STATION 2 bETA 2 47.5'9 .5.9 .4.993 44.579 *2.644 42.117 43.886 47.565 51.907 BETA 2
dLTA(Pk) 1 56.311 55.113 55.437 55.155 56.800 59.200 60.914 61.879 64.010 BETA(PR) 1
bETA(Pk) 2 24.11I :b.17v 27.900 29.674 33.232 37.315 39.674 43.479 47.316 bETAIPR) 2
V 1 339.37 31.38 364.12 381.5. 377.79 364.87 350.75 340.93 313.76 V 1
V 2 5z3.69 ,1z.34 515.45 520.26 518.51 507.52 500.86 473.83 452.65 V 2
VZ 1 337.35 j59.b1 362.b9 380.17 376.48 363.63 349.27 339.46 312.15 VZ 1
Vi 2 35..47 3ob.09 364.52 370.56 380.03 376.03 360.33 319.16 278.84 VZ 2
V-THEIA 1 36.92 13.51 29.78 32.i1 31.28 26.97 31.53 30.92 31.48 V-THETA 1
V-THETA 2 386.67 371.17 364.43 365.15 352.45 339.97 346.59 349.10 355.70 V-THETA 2
V(PR) 1 o08.2 029.1 639.7 665.4 688.7 710.6 718.5 720.2 712.3 VIPRI 1
V(PR) i 367.3 407.v 412.5 426.5 454.6 473.4 469.1 440.7 412.0 V(PR) 2
VTHETA PRI -5 06.u -516.0 -526.8 -546.1 -576.6 -610.3 -627.9 -635.2 -640.3 VTHETA PRI
VThETA PRZ -158.2 -180.0 -193.0 -211.1 -249.0 -286.6 -298.9 -302.7 -302.3 VTHETA PRZ
U I 54i..95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U d 544.b 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
M 1 0.30b6 0.3271 0.3297 0.3456 0.3423 0.3304 0.3173 0.3083 0.2833 N 1
M 2 0.4643 0.4029 0.4581 0.4 22 0.4604 0.4518 0.4433 0.4181 0.3985 M 2
M(PR) I 0.549 0.5695 0.5791 0.6031 0.6240 0.6433 0.6500 0.6512 0.6431 NIPR) 1
M(PR) 2 0.3432 U.3062 3.3666 0.3769 0.4036 0.4215 0.4152 0.3889 0.3628 nIPR) 2
TUKN(Pk) 32.Z01 6.935 27.537 25.483 23.646 21.940 21.332 18.506 16.804 TURN(PRI)
P 1 14.760 14.865 14.876 14.989 14.961 14.943 14.881 14.856 14.732 P 1
P d 16.0s 16.092 18.057 18.139 18.161 18.146 18.101 17.855 17.678 P 2
T 1 la1.699 >1b.699 51.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 552.617 550.528 548.889 549.761 550.286 546.439 552.037 553.090 553.906 T 2
STATCR L PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
.IA 33.207 .. 564 33.921 34.992 36.420 37.ao8 38.919 39.276 39.633 DIA
STATION 2 nETA 2 47.569 45.3v5 44.993 .4.579 42.844 44.117 43.886 47.565 51.907 bETA 2
STATION 1A bETA 2A ).607 ..086 3.727 2.50 2.179 3.539 4.274 5.162 5.121 BETA 2AV 2 523.69 521.34 515.45 520.26 518.51 5u7.52 500.86 473.83 452.65 V 2
V 2A 39o0., 34.37 3b6.27 412.76 430.49 438.76 412.25 393.02 390.02 V 2A
VZ 2 353.41 aoo.09 364.52 370.56 380.03 376.03 360.33 319.16 278.84 VZ 2
Vi ZA 395.6' 388.57 385.'4 412.32 JO.O03 437.78 410.90 391.20 388.18 VZ 2A
V-THETA 4 3Eb6.7 311.17 364.43 365.15 352.45 339.97 34o.59 349.10 355.70 V-THETA 2
V-ThETA iA z4.9, L7. 7 6 25.11 18.03 16.36 27.07 30.71 35.34 34.79 V-THETA 2A
M 2 0.4643 0.*t29 0.4581 0.4622 0.4604 0.#518 0.4433 0.4181 0.3985 N 2
N kA 0.-461 0.3425 0.3401 0.3o03 0.3796 0.3884 0.3626 0.3449 0.3420 P 2A
TUKN( ik) 43.9t1 41.J0E 41.266 42.073 40.645 36.519 39.515 42.297 46.680 TURNIPR)
P 2 1E.095 16.U92 18.057 16.139 1b.161 18.146 18.101 17.855 17.678 P 2
P 2A 17.5', 17.bC4 17.77v 17.961 1b.091 1.136 17.894 17.753 17.715 P 2A
T c 55z.o17 t5.5ib 54.89 549.761 n5U.kb )40.439 5 5,.037 553.090 553.906 1 2
T A 552.904 50.5 549.12 549.976 550.504 547.095 552.152 553.070 553.938 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79.78
Circumferential Distortion
Station 1 (226*) - Station 2 (216 °) - Station 2A (205')
ROTUR 0 PCT SPAN 9".99 90.00 84.99 70.00 >0.00 30.00 14.98 9.99 4.98 PCT SPAN
DIA 33.k3 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIA
STATION I LtTA 1 6.516 5.982 6.553 6.469 6.078 5.121 6.317 6.610 7.223 BETA I
STATION 2 bETA 2 46.208 45.364 45.122 44.168 43.554 4J.447 46.914 50.296 53.959 BETA 2
BETAIPR) 1 60.362 56.487 57.036 56.760 59.049 61.142 64.933 65.575 69.530 bETAIPR 1
BETA(PK) 2 25.329 27.048 26.854 31.115 33.946 37.924 41.485 43.422 46.440 BETA(PR) 2
V 1 291.96 316.33 338.12 355.10 344.64 336.05 295.09 289.36 241.38 V 1
V 2 519. I 514.93 522.98 510.14 511.24 500.48 484.51 475.12 461.67 V 2
VZ 1 290.06 316.59 335.91 352.84 342.69 334.67 293.24 287.39 239.44 VZ 1
VZ 2 359.31 361.79 369.02 365.90 370.37 362.95 330.44 303.04 271.26 VZ 2
V-THETA 1 33.13 33.17 38.59 40.01 36.49 29.99 32.46 33.30 30.35 V-THETA I
V-THETA 2 374.79 366.41 370.59 355.43 352.13 343.79 353.28 364.96 372.79 V-THETA 2
VIPR) 1 586.6 605.7 617.3 643.7 666.3 693.4 692.2 695.0 684.7 VIPRI 1
V(PR) 2 397.5 406.2 413.6 427.4 446.7 460.7 441.9 418.1 394.4 V(PR) 2
VTHETA PR1 -509.8 -516.4 -518.0 -538.4 -571.4 -607.3 -626.9 -632.8 -641.4 VTHETA PRI
VTHETA PR2 -170.1 -184.7 -186.8 -220.9 -249.3 -282.8 -292.2 -286.8 -285.2 VTHETA PR2
U 1 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.86 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
M 1 0.2633 0.2875 0.3057 0.3213 0.3117 0.3038 0.2662 0.2609 0.2172 M 1
M i 0.4610 0.4577 0.4657 0.4531 0.4538 0.4438 0.4279 0.4189 0.4061 N 2
M(PR) 1 0.5290 0.5470 0.5581 0.5825 0.6026 0.6268 0.6243 0.6268 0.6161 M(PR) 1
M(PR) 2 0.3529 0.3611 0.3683 0.3797 0.3965 0.4085 0.3903 0.3686 0.3469 M(PR) 2
TURN(PR) 35.034 31.439 30.162 25.648 25.121 23.273 23.542 22.260 23.200 TURNIPR)
P 1 1.643 14.783 14.883 14.977 14.925 14.929 14.811 14.812 14.662 P 1
P 2 17.977 17.977 18.082 17.980 18.052 17.977 17.854 17.769 17.648 P 2
T 1 518.699 518.699 518.699 516.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 550.390 548.706 547.627 549.057 549.934 550.095 553.161 554.170 555.635 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
uIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION k bETA 2 4.208 45.364 45.122 44.168 43.554 43.447 46.914 50.296 53.959 BETA 2
STATION ZA bETA 2A 3.512 4.487 4.384 2.577 2.203 3.074 4.365 5.273 5.938 BETA 2A
V 2 519.21 514.93 522.98 510.14 511.24 500.48 484.51 475.12 461.67 V 2
V 2A 378.91 369.95 372.54 405.58 416.13 419.50 378.43 366.10 365.40 V 2A
VZ 2 359.31 361.79 369.02 365.90 370.37 362.95 330.44 303.04 271.26 VZ 2
VZ 2A 378.20 8c.081 371.44 405.13 415.73 418.75 377.14 364.34 363.18 VZ 2A
V-THETA 2 374.79 366.41 370.59 355.4> 352.13 343.79 353.26 364.96 372.79 V-THFTA 2
V-ThETA 2A 23.21 26.94 28.48 18.23 15.99 22.49 28.79 33.63 37.77 V-THETA 2A
M z 0.4610 0.4577 0.4657 0.4531 0.4538 0.4438 0.4279 0.4189 0.4061 M 2
M 2A 0.3330 0.3255 0.3282 0.3576 0.3668 0.3696 0.3320 0.3208 0.3197 M 2A
TURN(PR) 4.695 40.876 40.738 41.589 41.331 40.314 42.452 44.918 47.918 TURN(PR)
P 2 17.977 17.977 18.082 17.980 18.052 17.977 17.854 17.769 17.648 P 2
P 2A 17.737 17.616 17.690 17.917 17.969 17.967 17.638 17.563 17.555 P 2A
IT 550.39 548.70o 547.,27 5#9.u57 549.934 550.095 553.161 554.170 555.635 T 2
T 2A 550.704 54.84 547.740 549.112 549.920 550.665 552.422 553.194 554.707 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79.78
Circumferential Distortion
Station 1 (256°) - Station 2 (246*) - Station 2A (235*)
kO1UR U PCT SPAN 94.99 90.00 8d.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
CIA 33.23* s3.617 34.001 35.151 36.665 36.219 39.371 39.754 40.138 DIA
STATION I BETA 1 5.316 5.071 5.245 4.840 *.760 4.427 5.894 6.382 6.720 BETA 1
STATION 2 bETA 2 45.039 '5.Oo7 44.429 44.989 tb.b59 51.808 60.650 64.826 67.362 BETA 2
BETA(PR) 1 60.724 59.131 58.988 59.642 a1.301 63.571 67.058 68.412 69.822 BETA(PRI 1
BETA|IP) 2 24.201 24.933 25.234 29.351 3z.974 37.108 44.108 46.893 49.589 BETA(PR) 2
V 1 290.55 313.17 318.40 323.92 319.41 305.97 268.90 254.02 238.29 V 1
V 2 531.49 531.85 537.76 521.70 513.10 500.19 479.68 479.75 478.84 V 2
VL I 89.29 311.94 317.07 322.76 318.30 305.02 267.43 252.41 236.63 VZ 1
VZ 2 375.56 375.63 384.02 368.95 352.04 A09.02 234.92 203.93 184.20 VZ 2
V-THETA 1 26.93 27.66 29.11 27.33 26.50 23.61 27.61 28.23 27.88 V-THETA 1
V-THETA 2 376.07 376.51 376.44 3"8.81 373.04 392.81 417.76 433.88 441.69 V-THETA 2
VIPR) 1 591.6 606.0 615.4 638.6 662.8 685.3 686.1 686.0 686.0 V(PR) 1
V(PR) 2 .11.8 414.2 424.5 423.3 419.8 388.0 327.7 299.0 284.6 V(PR) 2
VTHETA PRI -516.0 -521.9 -527.4 -551.1 -581.4 -613.7 -631.8 -637.9 -643.9 VTHETA PRI
VTHETA PR2 -168.8 -174.6 -181.0 -207.5 -228.4 -233.8 -k27.7 -217.9 -216.4 VTHETA PR2
U 1 542.95 5*9.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.86 551.13 557.43 576.26 601.43 626.58 645.47 651.75 658.04 U 2
N 1 0.2620 0.2827 0.2875 0.2926 0.2885 0.2761 0.2423 0.2287 0.2144 N 1
M 2 0.4719 0.4728 0.4788 0.4631 0.4546 0.4435 0.4218 0.4213 0.4200 M 2
M(PR) 1 0.5335 0.5489 0.5558 0.5769 0.5986 0.6185 0.6181 0.6177 0.6173 M(PR) 1
M(PR) 2 0.3656 0.3683 0.3780 0.3757 0.3720 0.3440 0.2882 0.2625 0.2496 NIPR) 2
TURNIPK) 36.524 34.199 33.754 30.293 28.345 26.518 23.045 21.625 20.342 TURN(PR)
P 1 14.782 14.920 14.943 14.987 14.998 14.996 14.893 14.843 14.778 P 1
P 2 18.073 16.113 18.207 18.077 18.018 17.895 17.692 17.700 17.710 P 2
T 1 516.699 516.699 518.699 518.699 516.699 518.699 518.699 518.699 518.699 T 1
T 551.328 150.072 549.088 550.812 552.097 550.230 557.253 558.864 560.041 T 2
STATOK U PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
CIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 DIA
STATION . BETA 2 '5.039 45.067 44.429 44.989 46.659 51.80b 60.650 64.826 67.362 BETA 2
STATION 2A bETA 2A 3.o 4.511 4.621 2.756 1.996 0.945 1.736 2.532 3.549 BETA 2A
V 2 531.49 531.85 537.76 521.70 513.10 500.19 479.68 479.75 478.84 V 2
V 2A 402.01 396.87 394.97 412.42 410.66 399.76 371.06 359.56 363.08 V 2A
VZ 2 375.56 375.63 384.02 368.95 352.04 309.02 234.92 203.93 184.20 VZ 2
VZ 2A 401.32 395.64 393.67 411.90 41U.32 399.56 370.70 359.01 362.12 VZ 2A
V-THETA e 376.07 376.51 376.44 368.81 373.04 392.81 417.76 433.88 441.69 V-THETA 2
V-THEA iA A 3.57 31.21 31.82 19.33 14.30 6.59 11.25 15.88 22.46 V-THETA 2A
M 2 0.4719 u.4726 0.4788 0.4631 0.4546 0.4435 0.4216 0.4213 0.4200 M 2
M 2A 0.,53b o.349 0.3403 0.3635 0.3616 0.3523 0.3L46 0.3139 0.3167 N 2A
TURN(Pk) 41.677 40.555 39.608 42.231 44.643 50.804 58.828 62.211 63.735 TUkN(Pk)
P 2 18.073 18.113 18.207 18.077 18.018 17.895 17.692 17.700 17.710 P 2
P eA 17.793 17.75 17.7*3 17.b53 17.b2C 17.725 17.511 17.432 17.446 P 2A
T z 551. e 150.C7~ 549.v88 55u.t-1 552.u97 550.23, 557.253 556.864 560.041 T 2
T 'A 550.76 5'49.337 548.568 549.794 550.85d 549.160 555.366 556.846 558.07 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79.78
Circumferential Distortion
Station 1 (286 ) - Station 2 (276*) - Station 2A (265*)
ROTOR 0 PCT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
OIA 33.234 33.617 34.001 35.i51 36.o85 38.219 39.371 39.754 40.138 DIA
STATION 1 BETA 1 -7.156 -7.013 -7.070 -5.65. -5.496 -6.445 -5.082 -6.243 -6.419 BETA 1
STATION 2 bETA 2 45.509 45.597 45.793 47.859 51.682 55.467 64.553 67.756 70.732 bETA 2
BETA(Pk) 1 62.687 02.127 62.*k5 63.412 66.043 68.990 71.078 73.805 77.750 BETA(PR) 1
BETA(PK) 2 46.3bU 25.483 25.725 26.749 30.839 38.043 48.549 52.121 55.832 BETA(PR) 2
V 1 299.44 313.29 313.16 306.05 263.99 257.50 234.12 201.03 150.47 V 1
V 2 513.51 525.94 529.49 5.3.78 >20.97 494.73 464.83 461.77 460.33 V 2
VZ 1 297.10 :10.93 310.78 304.57 262.17 255.85 233.16 199.81 149.51 VZ I
VZ 2 359.9U ao7.99 369.19 358.13 322.93 280.26 199.60 174.69 151.84 VZ 2
V-THETA 1 -37.31 .-38.36 -38.54 -40.14 -27.15 -28.86 -20.73 -21.86 -16.82 V-THETA 1
V-THETA 2 366.35 375.74 379.55 395.78 408.63 407.Zb 419.47 427.17 434.36 V-THETA 2
V(PR) 1 651.9 665.1 671.4 680.5 694.9 713.6 719.0 716.4 704.6 V(Pk) 1
V(PR) 2 401.7 407.7 409.b 401.1 376.3 356.3 302.0 284.9 270.7 V(PR) 2
VTHeTA PRI -580.3 -587.9 -595.1 -608.5 -635.1 -666.1 -680.1 -688.0 -688.6 VTHETA PkI
VTHLTA PR2 -176.5 -175.4 -177.9 -180.5 -192.8 -219.3 -226.0 -224.6 -223.7 VTHETA PRZ
U 1 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.86 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
M 1 0.2702 0.2826 0.2827 0.2762 0.2556 0.2319 0.2106 0.1807 0.1350 M 1
n 2 0.4531 0.4650 0.4685 0.4714 0.4586 0.4339 0.4054 0.4022 0.4005 n 2
M(PR) 1 0.5882 L.6004 0.6061 0.6141 0.6265 0.6426 0.6469 0.643b 0.63Z3 MNPR) 1
M(PR) 2 0.3545 0.3604 0.3o62 0.3542 0.3313 0.3125 0.2634 0.24 2 0.2355 MIPR) 2
TUkN(PR) 36.507 36.644 36.699 36.665 35.222 31.002 22.623 21.788 22.02e TURN(PR)
P 1 14.830 14.909 14.921 14.928 14.910 14.872 14.827 14.729 14.610 P 1
P 2 17.913 18.129 18.166 18.206 18.082 17.819 17.554 17.540 17.567 P 2
T 1 518.699 51b.699 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T I
T 2 556.499 555.376 554.900 557.05 559.533 561.431 564.957 566.152 567.485 T 2
STATOR D PCT SPAN 95.00 90.00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
DIA 33.207 33.564 33.921 34.992 36.420 37.848 38.919 39.276 39.633 OIA
STATION 2 bETA 2 45.509 45.597 45.793 47.659 51.682 55.467 64.553 67.758 70.732 BETA 2
STATION 2A BETA 2A 3.063 3.613 3.826 3.249 1.230 -5.079 -7.486 -7.134 -6.828 BETA ZA
V 2 513.57 525.94 529.49 533.76 520.97 494.73 464.83 461.77 460.33 V 2
V 2A 405.46 409.28 409.65 419.37 396.46 372.69 347.42 344.91 354.78 V 1A
VZ 2 359.90 467.99 369.19 358.13 322.93 280.26 199.60 174.69 151.84 VZ 2
VZ ZA 404.86 4Jb.46 408.73 418.65 396.30 371.09 344.29 342.05 352.01 VZ 2A
V-THETA 2 366.45 j75.14 379.55 395.7b 408.63 407.28 419.47 427.17 434.36 V-THETA k
V-THETA 2A 1.67 25.79 27.33 23.77 8.51 -32.9E -45.25 -42.bi -42.15 V-THETA 2A
M 2 0.4531 0.4650 0.4685 0.4714 0.4586 0.4339 0.4054 0.4022 0.4005 N 2
M IA 0.3560 0.359b u.3602 0.36l 0.3469 0.3249 0.3015 0.2990 0.3U07 M 2A
TURN(PR) 4.44.5 41.983 41.967 44.608 0.44 2 6.486 7i.960 74.811 77.485 TUkN(PR)
P 2 17.973 18.129 16.166 1b.206 18.082 17.819 17.554 17.540 17.567 P 2
P 2A 17.723 i7.73 17.739 17.79 i7.606 17.436 17.75 17.66 17.330 P LA
T 556a.99 t55.,7c 554.9u0 557.3u5 559.33 561.431 564.957 566.15, 567.465 T
T 2A 55-.550 552.445 55.08C 554.6b4 556.b 6 559 .21o 2 56L621 563.762 565.355 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89.25 Equivalent Rotor Speed = 3757.35 Equivalent Weight Flow = 79.78
Circumferential Distortion
Station 1 (3160) - Station 2 (3060) - Station 2A (295 )
kOTLK U PCT SPAN 94.9 ,,.OL o4.99 70.0u 50.00 30.00 14.98 9.99 4.98 PCT SPAN
uIA 33.2.z4 3.617 3-.L G1 35.151 3b.ob5 38.219 39.371 39.754 40.138 DIA
STAIION 1 BETA I -21.15b -z0.G1 -19.181 -18.Jd4 -Ib.2o1 -19.046 -b8.93 -19.411 -19.884 BETA 1
STATILN 2 bETA 2 4o.99 48.821 49.865 51.211 56.,20 61.0V3 74.267 78.396 82.752 BETA 2
ELTA(PK) 1 70.b3o 09.712 6b.743 69.284 70.760 72.748 74.123 74.861 75.447 BETAIPR) 1
BEAI(PR) 2 25.76l 27.807 32.261 31.17u 38.168 42.620 63.094 70.179 78.117 BETA(PRI 2
V 1 233.77 L2.20 26.11 263.63 Z52.41 234.55 219.64 211.24 204.69 V 1
V 2 513.75 501.06 475.84 %97.50 474.41 474.84 431.32 423.93 413.48 V 2
VZ 1 218.01 g36.01 250.39 250.1i 439.69 221.66 207.77 199.21 192.47 VZ 1
VZ 2 350. 3 329.91 306.59 311.65 263.03 229.4, 116.93 85.26 52.16 VZ 2
V-THETA 1 -84.37 -88.90 -87.10 -83.14 -79.09 -76.53 -71.11 -70.20 -69.61 V-THETA 1
V-THETA 2 375.7Z 377.14 363.90 387.77 394.69 415.47 415.06 415.20 410.15 V-THETA 2
VIPR) 1 664.1 680.7 690.6 707.2 727.6 747.5 759.5 762.8 766.0 VIPR) I
V(PR) 2 369.1 373.0 362.6 364.3 334.7 312.1 258.6 251.6 253.4 V(PR) 2
VTHEIA PRI -6z7.3 -o36.4 -o43.6 -661.5 -687.0 -713.8 -730.5 -736.3 -741.4 VTHETA PR1
VTHETA Pk2 -lo9.1 -174.0 -193.5 -188.5 -206.7 -211.1 -230.4 -236.5 -247.9 VTHETA PR2
U 1 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.7 U 1
U 2 544.86 551.13 557.43 576.2d b01.43 626.58 645.47 651.75 658.04 U 2M 1 0.2103 0.2,71 0.2388 0.2375 0.2272 0.2110 0.1975 0.1b99 0.1840 M 1
M 2 0.4506 u.4395 0.4170 0.4361 0.4144 0.4151 0.3745 0.3675 0.3580 n 2
M(P) 1 G.5975 0.6128 0.6221 0.6370 u.6551 0.a725 0.6829 0.6657 0.6884 M(PR) 1
M(Pk) 2 0.3413 .3217 0.3177 0.3193 0.2923 0.2726 0.2245 0.2161 0.2193 MIPR) 2
TURNIP) 4,.0O9 41.906 36.481 36.117 32.618 30.186 11.107 4.75u -2.627 TURN(PR)
P 1 14.122 14.206 14.253 14.251 14.242 14.234 14.245 14.224 14.211 P 1
P c 17.966 17.6> 17.635 17.649 17.655 17.647 17.275 17.224 17.197 P 2
T I 516b.99 518.699 518.o99 518.699 518.699 516.699 518.699 518.699 518.699 T 1
T 2 562.660 501.715 580.774 562.i56 504.171 5o0.386 567.588 56.741 569.446 T 2
STAibk 0 PCT SPAN 95.00 90.00 85.00 70.00 .00 30.00 15.00 10.00 5.00 PCT SPAN
UIA 33.207 33.564 33.9~I 34.992 30..OZ 37.848 38.919 39.276 39.633 DIA
STATION 2 bETA 2 4t.999 468.b1 49.885 51.11l 56.320 61.093 74.z67 75.396 82.752 BETA 2
STATION dA bETA 2A 2.b84 2.677 2.523 2.b99 0.563 -8.022 -11.824 -11.653 -11.903 BETA 2A
V 2 513.75 501.08 475.84 497.50 474.41 474.84 431.32 423.93 413.48 V 2
V 2A 3G.87 360.56 360.53 374.61 351.41 330.29 319.58 315.63 335.63 V 2A
VZ 2 350.:38 j9.vl 306.59 311.65 Zo3.03 229.42 116.93 85.26 52.16 VZ 2
VZ 2A 3.o.4u )00.14 38u.15 374.15 351.32 326.94 312.65 308.96 328.18 VZ 2A
V-THEIA Z 37:.72 377.14 3C3.90 387.17 394.69 415.47 415.06 415.20 410.15 V-THETA 2
V-ThilA kA 18.o3 17.77 16.75 17.6b 3.45 -46.08 -65.45 -63.72 -69.18 V-THETA 2A
M 2 0.450 0.4395 0.4170 0.4361 0.4144 0.4151 0.3745 0.3b75 0.3580 M
M kA .j331. 0.3316 0.3319 O.~tCG .3049 0.C663 0.2756 0.2720 0.2893 M 2A
TURN(PR) 44.164 46.14 47.362 .8.Div 55.73 69.061 86.033 89.999 94.618 TURNIPR)
P 2 17.96 i7.665 17.635 17.849 17.655 17.647 17.275 17.224 17.197 P 2
P "A 11.*77 17.456 17...7 17.39u 17.z39 17.124 17.100 17.109 17.220 P ZA
T 2 5o2.LoG :tl. 11 t60.774 5ok.2k5~ 5o.171 563.3b6 507.588 568.7-1 569.446 T 2
T ;A 561. 2i 50o.057 559.231 5o1.(01 56..93 564.985 567.320 568.582 569.417 T 2A
Table A-8. Blade Element Performance (Continued)
Stage D, Rotor D - Stator D
Percent Equivalent Rotor Speed = 89. 25 Equivalent Rotor Speed - 3757.35 Equivalent Weight Flow = 79. 78
Circumferential Distortion
Station 1 (346 ) - Station 2 (336*) - Station 2A (325*)
ROTk 0U POT SPAN 94.99 90.00 84.99 70.00 50.00 30.00 14.98 9.99 4.98 PCT SPAN
bIA 33.234 33.617 34.001 35.151 36.685 38.219 39.371 39.754 40.138 DIASTATION 1 BElA 1 -10.*61 -10.053 -l40.k62 -9.993 -9.707 -10.243 -9.785 -9.921 -10.942 BETA 1
STATION 2 bETA 2 51.295 52.069 52.b69 50.981 51.343 52.797 58.046 62.120 66.538 BETA 2bETAIPk) 1 66.541 64.948 64.819 65.546 66.696 68.024 68.978 70.794 74.644 BETAIPRI 1
BETA(PRJ 2 28.361 41.106 32.392 31.243 35.095 40.472 49.552 55.794 60.784 BETAPRI) 2
V I 260.48 284.44 289.94 290.34 286.78 281.93 275.46 250.90 198.45 V 1
V Z 487.38 499.49 72.31 497.30 *93.18 477.80 439.74 414.98 404.15 V 2
VZ 1 256.14 280.L7 285.48 285.93 282.66 277.40 271.41 247.10 194.82 VZ 1
VZ 2 304.76 307.w4 285.11 313.08 307.98 288.68 232.50 193.89 160.81 VZ 2
V-THETA 1 -47.29 -49.65 -50.66 -50.38 -4.35 -50.13 -46.81 -43.22 -37.67 V-THETA 1
V-THETA 2 380.3- 393.97 376.55 386.36 385.02 380.27 372.74 366.51 370.50 V-THETA 2
V(PR) 1 643.4 661.4 671.0 690.7 714.5 741.3 756.6 751.2 735.7 VIPRI 1
V(PR) 2 346.3 344.9 337.6 366.2 376.6 379.9 358.9 345.3 329.8 VIPRI 2
VTHETA PRI -590.2 -599.2 -607.2 -62b.8 -656.3 -687.4 -706.2 -709.3 -709.4 VTHETA PRI
VTFETA PK2 -164.5 -157.2 -180.9 -189.9 -Z16.4 -246.3 -272.7 -285.2 -287.5 VTHETA PR2
U 1 542.95 549.54 556.54 578.38 607.91 637.29 659.40 666.13 671.77 U 1
U 2 544.86 551.13 557.43 576.28 601.43 626.58 645.47 651.75 658.04 U 2
n 1 0.2346 0.2564 0.2615 0.2618 0.2586 0.2542 0.2482 0.2259 0.1783 N 1M 2 0.4272 0.4387 0.4144 0.4366 0.4324 0.4185 0.3835 0.3612 0.3512 N Z
M(PR) 1 0.5795 0.5963 0.6051 0.6229 0.6443 0.6682 0.6818 0.6762 0.6611 NMPRI 1
M(Pk) 2 ,0.3036 0.3030 0.2962 0.3215 0.3302 0.3328 0.3130 0.3006 0.2866 M(PRI 2
TURNIPR) 36.10 37.843 32.427 34.305 31.621 27.609 19.519 15.099 13.955 TURNIPtR)
P 1 14.016 14.119 14.131 14.115 14.121 14.109 14.128 14.057 13.935 P 1P 2 17.622 17.699 17.469 17.759 17.811 17.658 17.308 17.130 17.066 P 2
T 1 516.69 51J0.99 518.699 518.699 518.699 518.699 518.699 518.699 518.699 T 1
T 2 561.297 5o0.135 559.178 560.515 561.596 561.306 563.101 563.470 564.525 T.2
STATOR D PCT SPAN 95.00 9.o00 85.00 70.00 50.00 30.00 15.00 10.00 5.00 PCT SPAN
UIA 33.207 33.564 33.921 34.992 36.420 a7.846 38.919 39.276 39.633 DIA
STATION 2 &ETA 2 51.295 52.069 52.869 50.981 51.343 52.797 58.046 62.120 66.538 BETA 2
STATION jA bkTA 2A 2.786 1.844 0.Z0 -0.438 0.226 -2.870 -3.169 -2.498 -2.688 BETA 2A
V 2 467.38 499.49 472.31 497.30 493.18 477.80 439.74 414.98 404.15 V 2
V 2A 344.7j 339.9u 335.88 354.85 361.00 353.11 323.89 317.66 329.72 V ZA
VZ 2 304.76 307.04 2b5.11 313.0b 307.96 288.68 232.50 193.b9 160.81 VZ 2
VZ 2A 344.34 339.71 335.66 354.61 360.91 352.54 323.23 317.17 329.12 VZ 2A
V-ThtTA 2 3u0.34 39j.97 j76.55 3i6.b 385.02 380.27 372.74 366.51 370.50 V-THETA 2
V-THETA A A i.7 10.94 1.29 -2.71 1.42 -17.67 -17.90 -13.84 -15.45 V-THETA ZA
M 2 0.427z 0.4')87 0.4144 0.4366 0.432- 0.4185 0.3035 0.3612 0.3512 M 2
M ZA 0.2996 0.4955 0.2922 0.3085 0.3136 6. 064 0.2804 0.2748 0.2851 N 2A
TUkN(i'R) 4b.506 50.224 52.649 51.417 51.097 55.60 61.124 64.526 69.142 TURN(PI)
P 2 17.622 17.699 17.469 17.759 17.811 17.658 17.308 17.130 17.066 P 2
P .A 1.318 17.24 17.257 17.352 17.384 17.26 17.168 17.159 17.226 P 2A
I 5t1.i97 5bu.13> >59.178 5>6.515 1oi.596 5t1.306 56~.101 563.470 564.525 T 2
T 2A 5U0.960 560.04, 559.402 560.952 562.311 563.206 564.158 564.466 565.707 T 2A
APPENDIX B






Design Equivalent Percent Chord
Equivalent Weight
Rotor Flow, Suction Surface
Speed b/sec 10% Span From Tip 90% Span From Tip 10% Span From Tip 90% Span From Tip
15 25 35 45 55 65 75 85 15 25 35 * 15 50 85 15 50 85
110 123.41 
-0.76 -1.24 -1.61 -1.94 -1.79 -1.61 -1.39 -1.03 -0.27 -0.60 -0.81 - -0.69 -0.31 -0.36 -0.04 0.21 0.22
110 116.07 
-0.65 -0.76 -0.76 -0.74 -0.53 -0.34 -0.28 -0.20 -0.48 -0.48 -0.41 - 0.31 0.36 0.22 0.46 0.49 0.44
110 109.67 -0.73 -0.78 -0.73 -0.67 -0.47 -0.29 -0.23 -0.17 -0.49 -0.45 -0.34 0.38 0.39 0.24 0.49 0.51 0.44
110 102.55 -0.65 -0.62 -0.53 -0.42 -0.27 -0.13 -0.09 -0.02 -0.47 -0.38 -0.24 - 0.55 0.49 0.33 0.53 0.52 0.45
110 97.18 -0.70 -0.54 -0.42 -0.30 -0.20 -0.12 -0.09 -0.03 
-0.49 -0.38 -0.23 - 0.58 0.47 0.31 0.51 0.51 0.43CD
100 120.02 -0.68 -1.16 -1.52 -1.87 -1.71 -1.54 -1.33 -0.96 -0.34 -0.68 -0.91 - -0.60 -0.24 -0.30 -0.11 0.15 0.15
100 110.18 -0.60 -0.78 -0.81 -0.83 -0.63 -0.47 -0.36 -0.27 -0.42 -0.48 -0.46 - 0.21 0.30 0.17 0.38 0.45 0.40
100 102.67 
-0.60 -0.67 -0.65 -0.62 -0.42 -0.25 -0.18 -0.13 -0.48 -0.48 -0.41 - 0.40 0.42 0.28 0.46 0.49 0.41
100 95.36 -0.62 -0.62 -0.55 -0.47 -0.30 -0.13 -0.10 -0.06 -0.53 -0.48 -0.36 - 0.52 0.49 0.33 0.50 0.50 0.41
CD 100 88.32 -0.64 -0.50 -0.38 -0.28 -0.15 -0.06 -0.03 -0.03 -0.47 -0.39 -0.25 - 0.63 0.54 0.37 0.52 0.51 0.43
___ 90 113.67 
-0.67 -1.10 
-1.43 -1.72 -1.64 -1.56 -1.36 
-0.97 -0.37 
-0.68 -0.88 - -0.66 
-0.27 -0.33 -0.12 0.14 0.14
90 103.01 -0.59 -0.78 -0.85 -0.91 -0.76 -0.58 -0.49 -0.33 -0.41 -0.52 -0.52 - 0.13 0.24 0.12 0.32 0.42 0.37
90 91.28 -0.56 -0.62 -0.61 -0.58 -0.40 -0.23 -0.16 -0.11 -0.46 -0.48 -0.41 - 0.40 0.41 0.27 0.45 0.48 0.41
90 85.21 -0.56 -0.56 -0.50 -0.42 -0.25 -0.10 -0.06 -0.03 -0.45 -0.42 -0.32 - 0.52 0.49 0.33 0.52 0.52 0.43
90 76.85 -0.58 -0.44 -0.33 -0.25 -0.13 -0.04 -0.01 0.04 -0.47 -0.38 -0.25 - 0.63 0.52 0.35 0.55 0.51 0.43
70 92.54 -0.62 -1.02 -1.29 -1.58 -1.53 -1.49 -1.31 -0.90 -0.39 -0.68 -0.83 - -0.59 -0.23 -0.28 -0.05 0.16 0.14
70 82.65 -0.58 -0.79 -0.91 -1.00 -0.89 -0.77 -0.64 -0.40 -0.41 -0.55 -0.59 - 0.01 0.16 0.05 0.26 0.37 0.33
70 71.87 -0.58 -0.67 -0.68 -0.67 -0.52 -0.30 -0.24 -0.17 -0.52 -0.56 -0.52 - 0.32 0.36 0.22 0.38 0.43 0.35
70 65.46 -0.67 -0.66 -0.61 -0.54 -0.36 -0.19 -0.15 -0.11 -0.53 -0.50 -0.40 - 0.46 0.42 0.26 0.47 0.46 0.38
70 58.15 -0.54 -0.41 -0.29 -0.19 -0.08 0.00 0.03 0.09 -0.40 -0.32 -0.18 - 0.66 0.56 0.40 0.57 0.55 0.47
50 66.41 -0.55 -0.89 -1.11 -1.39 -1.31 -1.28 -1.14 -0.76 -0.39 -0.67 -0.83 - -0.43 -0.12 -0.17 -0.02 0.17 0.15
50 59.41 -0.62 -0.87 -0.99 -1.12 -1.01 -0.94 -0.77 -0.49 -0.45 -0.61 -0.67 - -0.05 0.09 0.00 0.19 0.31 0.28
50 51.12 -0.63 -0.73 -0.75 -0.84 -0.61 -0.44 -0.36 -0.24 -0.55 -0.62 -0.59 - 0.27 0.29 0.16 0.34 0.38 0.31
50 46.51 -0.60 -0.62 -0.57 -0.52 -0.35 -0.16 -0.12 -0.06 -0.53 -0.52 -0.44 - 0.48 0.46 0.31 0.45 0.46 0.37
r 50 40.70 -0.61 -0.49 -0.39 -0.28 -0.16 -0.07 -0.03 -0.03 -0.49 -0.43 -0.29 - 0.62 0.52 0.36 0.53 0.50 0.41




ao  Inlet relative stagnation velocity of sound, ft/sec
c Chord length, inches
Cp Static pressure coefficient
d Diameter, inches
D Diffusion factor
gc Gravitational acceleration, 32. 174 Ibm - ft/lbf-sec 2
im  Incidence angle, degree from axial direction
M Mach number
N Rotor speed, rpm
P Total pressure, psia
PR Rotor tip static pressure ratio (ratio of local static pressure
to static pressure at -7. 3% axial chord)
p Static pressure, psia
R Gas constant for air, 53. 34 ft-lbf/lbm -0 R
r Radius, inches
S Blade passage gap (leading edge), inches
t Blade maximum thickness, inches




U Rotor speed, ft/sec
V Velocity, ft/sec
W Actual flowrate, lbm/sec
a Cone angle (angle of plane tangent to conic surface that
approximates the design streamline of revolution), deg
1 Air angle, degrees from axial direction
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Definitions of Symbols (Continued)
SRatio of specific heats
°YO Blade-chord angle, degree from axial direction
6 Ratio of total pressure to NASA standard sea level pressure
of 14. 694 psia
60 Deviation angle, degree
77 Efficiency
0 Ratio of total temperature to NASA standard sea level
temperature of 518.7 0 R
K Blade metal angle, degree from axial direction
p Density, lbf/sec 2 /ft 4
or Solidity, chord divided by blade spacing (c/S)
Blade camber angle, KI - Kg, degree
Loss coefficient
Z cos 0/27( Loss parameter
Subscripts
0 Compressor inlet (bellmouth)
1 Rotor inlet




















Related to rotor blade
SMass average value









P- 1 2A/ 1 ' 1 - 1
Rotor: ) ad 1 Stage: ad  1
T 2 A/518. 7- 1 T 2 A/518. 7- 1
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Definitions of Overall Performance Variables (Concluded)
Polytropic efficiency:
SIn (P2/P 1n(p 2 A/ 2 )
Rotor: p = Stator: p =
in (T2/518. 7) In(Ts 2A/TS2)
Change in surge pressure ratio:
(P2A / D
A Surge Pressure Ratio = 1.0 - 2 Distorted
(2A 1 Uniform Inlet N/V= constant
Values of pressure ratio for each condition are at constant value of flow which
corresponds to the flow at surge with distortion.
Average pressures and temperatures for circumferential distortion tests:
(3) (P 1 Undistorted) + (1) (P1 Distorted)
1 4
(3) (P2 Undistorted) + (1) (P2 Distorted)
(3) (P2A Undistorted) + (1) (P2A Distorted)
2A= 4
T 1 = Plenum Conditions (corrected to standard day)
T 2 = Set equal to T2A
(3) (T 2 A Undistorted) + (1) (T 2 A Distorted)
T2A 4
Definitions of Blade Element Performance Variables
Incidence angle:
Rotor: i = K- le Stator: i = - Km 1 m 2 - Kle
Diffusion factor:
V2 d2V2 - dlV01
Rotor: D= 1- +
246 (dl +d 2)V'
246
Definitions of Blade Element Performance Variables (Concluded)
Diffusion factor:
V2A d 2VO 2 - d2AV0 2AStator: D 1
V 2  (d2 + d2A) V 2 0
Deviation angle:
Rotor: 6 O 2 - Kte Stator: 0 '2A- Kte
Loss coefficient:
(P'2)id - P'2Rotor: 0' =
P' 1 - P1
where:
1' 2 
'd 1 2 I
(P')= P' 1+ - 1 1-(P2 id 1 2 ao2 2
P' is found from p/P' = [1+ Y - 1 M2
and M' is calculated using trigonometric functions and the measurements of
U, 0, P, and p.
Stator: - P2A P2Afs - P2A
P 2 -P 2  fs P2Afs -P2
where:
P2Afs = stator exit average freestream total pressure from wake rakes
P2 = stator inlet total pressure from 20-deg wedge probes
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Rotor tip static pressure ratio:
PL
PR = p at -7.3% axial chord
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